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ABSTRACT 


Volume  2 Is  Identical  to  a Ph.D.  thesis  with  the  title  The 
Transient  Electromagnetic  Far  Fields  of  a paraboloid  Reflector/TEM 
Horn  Antenna  Using  Time  Domain  Techniques,  submitted  to  the  Univer- 
sity of  Vermont. 

This  research  employs  a direct  time  domain  model  applicable 
to  aperture  antennas  of  any  shape  excited  by  fields  of  any  form  in 
space  and  time  to  study  theoretically  the  electromagnetic  ^ir  fields 
of  a paraboloid  reflector  when  fed  by  a transverse  electromagnetic 
(TEM)  horn  antenna.  First,  the  TEM  horn  antenna  is  considered  as  an 
aperture  antenna  with  an  arbitrary  excitation  V(t)  applied  to  its 
apex.  The  time  domain  model  is  then  applied  to  determine  the  electric 
far  fields  of  the  TEM  horn,  and  the  theoretical  results  are  compared 
with  published  experimental  data  on  a relative  basis.  Reasonable 
agreement  is  obtained.  Approximate  closed  form  solutions  for  the 
electric  far  fields  of  the  TEM  horn  in  the  azimuth  plane  are  also 
found.  Secondly,  the  TEM  horn  is  studied  in  terms  of  current  sheets 
using  the  vector  potential  formulation  in  order  to  confirm  the  approx- 
imate closed  form  solutions  found  in  the  azimuth  plane  using  the 
aperture  model. 

From  the  theoretical  results  of  the  aperture  model  of  the 
TEM  horn,  this  fead  is  then  reduced  to  an  anisotropic  point  source 
located  at  the  focus  of  the  paraboloid  reflector.  The  fields  aris- 
ing from  this  point  source  are  then  transformed  to  the  resulting 
fields  over  the  exit  aperture  of  the  paraboloid  by  utilizing  the 
geometrical  optica  approximation.  The  time  domain  model  is  then 
applied  to  the  exit  aperture  of  the  paraboloid  to  determine  the  elec- 
tric far  fields  of  the  antenna  system.  Theoretical  results  are 
obtained  for  both  the  boreslght  direction  and  directions  away  from 
boreslght,  in  order  to  characterize  the  sidelobe  structure  of  the 
system.  The  theoretical  boreslght  response  is  compared,  also  on 
a relative  basis,  with  published  experimental  data,  with  reasonable 
agreement. 
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Chapter  1 

STATEMENT  AND  BACKGROUND  OF  PROBLEM 
1.1  INTRODUCTION 

The  primary  objective  of  this  research  was  to  study  theoreti- 
cally, directly  in  the  time  domain,  the  electromagnetic  far  fields  of  a 
paraboloid  reflector  fed  by  a TEM  horn.  The  TEM  horn,  located  near 
the  focus  of  the  paraboloid,  is  excited  at  its  apex  by  a voltage  V(t). 
The  TEM  horn  consists  of  two  metallic  circular  sectors  separated  by  a 
small  gap  at  the  apex  and  flared  apart  away  from  the  apex.  The  parab- 
oloid reflector/TEM  horn  antenna  system  is  shown  in  Figure  1.1.  At 
the  present  time,  no  direct  time  domain  models  to  describe  the  radiation 
of  the  TEM  horn  or  the  paraboloid  reflector/TEM  horn  antenna  system 
at  an  arbitrary  observation  point  in  the  far  field  exist. 

Specifically,  the  study  of  the  above  antenna  system  was  ac- 
complished as  follows.  The  general  theoretical  model  applicable  to 
aperture  antennas  of  any  type  excited  by  electromagnetic  fields  of  any 
form  in  space  and  time  is  a set  of  time  domain  integrals  which  were 
derived  by  Chernousov  (1965)*  The  electromagnetic  fields  at  the 
aperture  surface  must  be  known  (or  guessed  at). 

First,  the  TEM  horn  was  considered  as  an  aperture  antenna 
supporting  a TEM  spherical  wave  within  the  antenna  region  due  to  the 
excitation  v(t)  at  the  ape:  - The  Chernousov  (196,5)  expressions  for 
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the  TEM  horn  apertures  were  then  applied,  and  the  general  expressions 
for  the  resulting  electric  far  fields  were  found.  Approximate  closed 
form  solxitions  for  the  TEM  horn  far  fields  in  the  azimuth  plane  were 
also  determined.  These  approximate  fields  were  interpreted  in  terms 
of  travelling  and  standing  waves  to  facilitate  engineering  interpre- 
tation of  the  behavior  of  the  TEM  horn.  The  general  expressions  for 
the  electric  far  fields  were  then  programmed  and  executed  on  a digital 
computer.  The  theoretically  computed  results  were  then  compared  to 
experimental  results  obtained  by  Susman  and  Lamensdorf  (l970»42-b4) 
and  Martins  et  al.  (1973*2 >). 

Secondly,  the  electric  far  fields  of  the  TEM  horn  were  also 
formulated  in  terms  of  the  current  sheets  flowing  on  the  two  metallic 
wedges  which  comprise  the  TEM  horn.  This  formulation  was  also  per- 
formed directly  in  the  time  domain.  Approximate  closed  form  solutions 
for  the  electric  far  fields  in  the  azimuth  plane  were  determined  and 
compared  to  the  approximate  closed  form  results  obtained  by  using  the 
Chernousov  (19bj)  formulation. 

Thix'dly,  the  Chernousov  (19&5)  formulation  was  applied  to  find 
the  electric  far  fields  of  a paraboloid  reflector  in  terms  of  the  fields 
over  the  exit  aperture  for  excitation  by  a general  spherical -wave  point 
source  located  at  the  focus  of  the  paraboloid.  The  paraboloid  was 
assumed  to  be  perfectly  conducting,  to  be  in  the  far  field  of  the  point 
source,  and  to  bo  sufficiently  smooth  to  allow  application  of  the 
piano  wave  boundary  conditions  si,  the  paraboloid  surface.  The  geomet- 
rical optics  approximation  was  invoked  to  allow  a one-to-one*  point- 
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tc  -point  transformation  of  the  fields  at  the  paraboloid  surface  to  the 
fields  over  the  exit  aperture.  A solution  in  the  boresight  direction 
for  an  isotropic  feed  was  also  determined. 

Finally,  the  general  expressions  for  the  electric  far  fields 
of  a TEM  horn  utilizing  the  Chernousov  (1965)  formulation  were  exe- 
cuted on  a digital  computer  to  characterize  the  fields  of  the  eight- 
inch  TEM  horn,  studied  by  Martins  et  al.  (19?3)»  over  the  angular 
aperture  of  the  paraboloid.  The  eight-inch  TEM  horn  was  then  theo- 
retically reduced  to  a point  source  radiator  located  at  the  focus  of 
the  paraboloid.  This  reduction  was  accomplished  by  interpreting  the 
results  of  the  compute"  runs  and  then  approximating  the  fields  of 
the  eight-inch  TEM  horn  with  a closed  form  expression.  The  general 
expressions  for  the  electric  far  fields  of  the  paraboloid  reflector/ 
point  source  feed  antenna  o/stem  were  then  programmed  for  a digital 
computer  using  the  approximate  closed  form  solution  for  the  eight- 
inch  TEM  horn  fields.  Computer  runs  were  performed  in  both  charac- 
teristic planes  of  the  paraboloid  reflector  to  demonstrate  not  only 
the  theoretical  boresight  response  vf  f'e  antenna  system,  but  also 
the  theoretical  sidelobe  structure  of  the  antenna  system.  The  theo- 
retically computed  boresight  response  of  the  system  was  compared  to 
the  experimental  boresight  response  chained  by  Martins  et  al, 
(19?3s235). 

1.2  • HISTORICAL  BACKGROUND  OF  TRANSIENT  ANTENNA  STUDIES 

The  two  major  thrusts  of  transient  antenna  studies  have  been 
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(a)  to  investigate  theoretically  and  experimentally  antennas  whose 
electric  far  fields  are  replicas  or  high  fidelity  derivatives  of  the 
pulse  or  step  applied  to  the  antenna,  and  (b)  to  investigate  antennas 
which  not  only  have  the  above  property,  but  also  have  directive  char- 
acteristics. Among  transient  antennas  which  have  been  studied  both 
theoretically  and  experimentally  are  the  monopole  over  a ground  plane 
(dipole)  and  the  conical  antenna  over  a ground  plane  (biconical). 

Among  transient  antennas  which  have  been  studied  experimentally  are 
the  monopole  exciting  a disk,  corner  reflector,  or  paraboloid;  the 
TEM  horn;  and  the  paraboloid  reflector/TEM  horn  antenna  system. 

Recently,  Martins  et  al.  (1973)  have  studied  a wide  variety 
of  antennas  both  theoretically  and  experimentally.  These  include  the 
TEM  horn  and  the  paraboloid  reflector/TEM  horn  antenna  system.  The 
theoretical  formulation  of  the  various  antennas  studied  by  Martins 
et  al.  (1973)  is  performed  in  the  frequency  domain.  These  frequency 
domain  models  are  then  interpreted  in  the  time  domain  only  for  specific 
observation  points  in  the  far  field.  (Note — The  Fourier  approach  is 
a steady-state  frequency  domain  solution,  from  which  the  time  domain 
solution  can  be  obtained  only  by  an  inverse  transformation.  The  Cher- 
nousov  (1965)  formulation  is  a direct  time  domain  approach.)  Cronson 
and  Proud  (1970a)  also  studied  the  paraboloid  reflector/TEM  horn 
antenna  experimentally.  However,  the  TEM  horn  used  by  Cronson  and 
Proud  (1970a)  had  a considerably  different  geometry  from  the  eight- 
inch  TEH  horn  studied  by  Martins  et  al.  (1973)  or  the  TEH  horns 
studied  by  Susman  and  Lwnensdorf  (1970,1971). 


Schmitt  (I960)  first  studied  the  step  function  response  of  the 
finite  monopole  over  a ground  plane  using  Fourier  techniques.  He  in- 
terprets the  electric  far  field  at  the  ground  plane  to  consist  of  a 
series  of  damped  oscillations  rather  than  delayed  replicas  of  the 
exciting  step.  W u (1961)  solved  the  current  distribution  in  an  infi- 
nitely long  dipole  excited  by  a step  function  using  Fourier  techniques 
and  contour  integration.  Morgan  (1962)  obtained  the  same  current 
distribution  as  Wu  (1961)  using  the  same  techniques  and  a more  direct 
approach. 

Four  years  later,  Schmitt,  Harrison,  and  Williams  (1966) 
studied  the  finite  monopole  over  a ground  plane  using  Fourier  trans- 
forms and  computed  values  of  input  impedance  and  effective  height 
(Harrisons  1962,1963b).  The  electric  far  field  at  the  ground  plane 
is  shown  to  be  a superposition  of  delayed  replicas  of  the  exciting 
pulse,  emanating  from  the  base  and  tip  of  the  monopole.  These  theo- 
retical predictions  are  confirmed  experimentally,  Harrison  and  King 
(196?)  used  the  same  theoretical  technique?  as  Schmitt,  Harrison,  and 
Williams  (1966)  to  determine  the  electric  far  field  of  an  infinitely 
long  monopole  over  a ground  plane.  The  far  field  at  the  ground  plane 
is  shown  to  be  a replica  of  the  exciting  Gaussian  pulse.  Falciauskas 
and  3eam  (19?0)  generalized  the  results  of  Schmitt,  Harrison,  and 
Williams  (1966)  to  observation  points  not  on  the  ground  plane  utiliz- 
ing the  same  theoretical  techniques.  The  resultant  far  field  Is  a 
superposition  of  pulses  which  are  no  longer  delayed  replicas  of  the 
exciting  pulse,  but  are  compressed  or  stretched  in  time.  The  results 


6 


of  Palciauskas  and  Beam  (1970)  have  also  been  obtained  approximately 
by  using  time  domain  techniques  from  an  accelerated  charge  viewpoint 
(Handelsman,  1972 i 59*69 )• 

From  the  studies  of  the  monopole  over  a ground  plane  (dipole), 
it  is  clear  that  this  antenna  has  an  electric  far  field  which  is  a 
replica  of  the  exciting  pulse  only  along  the  ground  plane  and  only  for 
an  infinitely  long  monopole.  Also,  the  monopole  suffers  from  the 
characteristic  that  it  has  no  directivity  in  the  azimuth  plane  (the 
plane  perpendicular  to  the  monopole). 

Another  transient  antenna  which  has  been  studied  is  the  conical 
antenna  over  a ground  plane  (biconical).  Harrison  and  Williams  (1963, 
I965)  theoretically  studied  this  antenna  using  Fourier  transforms  and 
computed  values  of  input  impedance  and  effective  height  (Harrison, 
1963a).  This  study  shows  that  the  electric  far  field  along  the  ground 
plane  is  a replica  of  the  exciting  pulse  only  if  the  cone  is  electri- 
cally extremely  long  (essentially  infinite)  and  has  a certain  cone 
angle  (about  d6°).  Susman  and  Lamensdorf  (1971)  experimentally  studied 
the  response  of  electrically  short  cones  to  Incident  transient  exci- 
tation and  interpret  the  electric  far  field  at  the  ground  plane  to  be 
an  approximate  time  derivative  of  the  exciting  transient  signal.  No 
known  studies  of  the  transient  response  of  the  biconical  antenna  at 
far  field  points  not  in  the  azimuth  plane  have  been  performed.  How- 
ever, the  biconical  antenna,  as  the  dipole,  lias  no  directivity  in  the 
azimuth  plane. 

Knop  (1970)  studied  the  response  of  a log-periodic  dipole 
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array  using  a simplified  theoretical  model  and  rectangular  pulse  exci- 
tation. Although  a log-periodic  has  fine  directivity,  the  results 
unfortunately  indicate  that  the  electric  far  field  is  a highly  dis- 
torted version  of  the  exciting  pulse. 

Transient  aperture  antenna  studies  were  begun  by  Polk  (I960). 

He  employed  Fourier  integrals  and  the  Kirchhoff  solution  of  the  scalar 
diffraction  problem.  The  vector  wave  solution  was  not  attainted. 
Corrections  to  Polk  (I960)  are  given  by  Mayo  (1961).  Cheng  and  Tseng 
(1964)  and  Tseng  and  Cheng  (1964)  state  that  due  to  the  evaluation 
of  infinite  integrals  by  the  theory  of  residues,  the  method  of  Polk 
(i960)  is  involved  even  for  simple  time  signals  and  aperture  distri- 
butions. Therefore,  they  offer  a simple  expression  for  a one- 
dimensional aperture  with  a known  current  distribution  i(x,t)  and 
state  that  extension  to  a two-dimensional  aperture  is  trivial  when 
the  spatial  distribution  is  separable  in  the  two  dimensions.  How- 
ever, this  trivial  extension  is  not  carried  out.  Finally,  Chernousov 
(1965)  employed  the  Hnygens-Kirchhoff  principle  to  derive  time  domain 
equations  for  the  electromagnetic  fields  arising  from  aperture  antennas 
of  any  shape  excited  by  electromagnetic  fields  of  any  form  in  space 
and  time.  Nonetheless,  the  general  equations  are  not  restricted  to 
the  radiation  fields,  but  also  include  the  static  and  induction  fields. 

Investigation  of  the  scattered  fields  from  a rectangular  plate 
was  conducted  by  DeLorenso  (196?)  using  a long  taonopole  transmitter 
and  a modified  short  aor.opole  receiver.  Ths  borooight  response  is 
shown  to  be  the  negative  time  derivate  of  the  field  incident  upon 
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the  plate.  The  properties  of  the  receiving  antenna  used  by  DeLorenzo 
(196?)  are  described  by  Roes  (196?),  Cronson  (1969)  employed  a pulse 
radiated  from  the  base  of  a long  monopole  to  study  the  radiation  field 
of  disks  in  the  azimuth  plane  of  the  exciting  monopolo.  He  interprets 
the  radiated  fields  of  the  disks  to  be  delayed  replicas  of  the  exciting 
pulse.  Cronson  and  Proud  (1970b)  used  the  same  excitation  technique 
as  Cronson  (1969)  to  study  the  radiated  fields  of  disks,  corner  re- 
flector, and  a paraboloid.  They  make  the  same  Interpretation  as 
Cronson  (1969). 

Lamensdorf  (1970)  studied  the  coaxial  cone  antenna  (a  flared 
coaxial  line  with  the  aperture  located  in  the  ground  plane)  experi- 
mentally in  the  receive  mode.  The  received  terminal  voltage  is  shown 
to  be  the  time  derivative  of  the  incident  field.  Abo-Zena  and  Beam 
(1972)  studied  the  radiation  fields  of  a circular  loop  antenna  using 
moment  methods  and  Fourier  techniques  for  excitation  by  a band-limited 
rectangular  pulse.  The  results  indicate  that  the  radiation  fields  in 
general  are  a series  of  oscillatory  and  damped  replicas  of  the  excit- 
ing pulse. 

By  inspection  of  the  Chernousov  (1965)  equations  (1-3)  and 
(1-5)  in  the  following  section  of  this  chapter,  the  far  fields  of 
aperture  antennas  are  interpreted  more  precisely  as  surface  integrals 
of  the  negative  time  derivative  of  the  electromagnetic  fields  at  the 
aperture  surface.  The  Chernousov  (1965)  results  can  also  be  inter- 
preted in  terms  of  the  radiation  from  equivalent  accelerating  charges 
(Kandelsman,  1972*95). 
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1.3  OUTLINE  OF  THE  CHERNOUSOV  FORMULATION 


Chemousov  (1965)  derived  equations  for  the  electromagnetic 
fields  everywhere  due  to  a closed  aperture  surface  Sa  in  a homogeneous 
source-free  medium  excited  by  electromagnetic  fields  of  any  form  in 
space  and  time.  The  aperture  fields  must  be  known  (or  guessed  at). 

The  geometry  for  the  problem  is  shown  in  Figure  1.2.  This 
figure  is  identical  to  Figure  A.l,  and  it  is  repeated  here  for  the 
convenience  of  the  reader.  The  various  quantities  shown  in  Figure  1.2, 
and  the  symbols  used  in  the  derivation,  are  discussed  on  the  first 
and  third  pages  of  Appendix  A.  The  complete  mathematical  details  of 
the  derivation  are  also  furnished  in  Appendix  A. 

A brief  outline  of  the  derivation  follows.  The  development 
of  the  basic  equations  parallels  the  development  given  in  Jordan  and 
Balmain  (1968i313'*315. **66-469). 

First,  Maxwell's  equations  are  written  for  electric  charges 
and  currents  only  and  then  for  fictitious  magnetic  charges  and  fic- 
titious magnetic  currents  only.  Using  standard  techniques  and  appro- 
priate electric  and  magnetic  Barents  gauge  conditions,  equations  for 
the  electric  and  magnetic  fields  are  found  in  terms  of  the  electric 
and  magnetic  vector  potentials. 

At  this  point,  the  fictitious  magnetic  current  N is  expressed 
in  terms  of  the  electric  field  £ at  the  aperture  surface.  The  electric 
current  J i3  expressed  in  terms  of  the  magnetic  field  H at  the  aperture 
surface  (Jordan  and  Balmain,  1960i468-469).  Assuming  that  Sa  Is  a 
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urc  1.2 


on 


aourca-free  aperture  surface , 


M(rS; jt-  R/v) = - flx(Ep;f-(^)  U '■) 

d-2) 

Using  (1-1)  and  (1-2),  the  electric  and  magnetic  fields  every- 
where due  to  the  electric  and  magnetic  source  fields  at  the  aperture 
surface  may  be  written  as  (A-45)  and  (A-46)  as  given  on  the  tenth  and 
eleventh  pages  of  Appendix  A. 

After  utilising  numerous  mathematical  manipulations,  E(r,t) 
and  H(r,t)  everywhere  may  be  written  as  (A-92)  and  (A-93)  on  the 
twentieth  and  twenty-first  pages  of  Appendix  A.  (note — Equations 
(A-92)  and  (A-93)  are  not  restricted  to  the  far  fields  of  an  aperture 
antenna.  They  also  account  for  the  Induction  and  static  Helds.) 

p 

To  find  the  electric  far  fields  of  the  aperture  antenna,  l/R 

-3 

and  i/ir  terms  are  neglected  with  respect  to  l/R  terms.  The  appro- 
priate conditions  for  this  assumption  are  discussed  in  Appendix  A. 

Also,  employing  standard  approximations  for  R it.  the  far  field  as 
applied  to  the  numerator  and  denominator  of  (A-92),  and  using  trivial 


r = t - (i ~/v)  (1-h) 
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Equation  (1-3)  Is  the  same  as  equation  (A-102)  on  the  final  page  of 
Appendix  A,  (1-3)  is  the  central  general  theoretical  equation  used 
in  the  research.  Also,  in  the  far  field,  H(r,t)  is  given  in  terms 
of  E(r,t)  by  the  simple  relationship 

W ' 
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Chapter  2 

THE  TRANSIENT  ELECTRIC  FAR  FIELDS 
OF  TEM  HORN  ANTENNAS  UTILIZING 
THE  CHERNOUSOV  METHOD 


2.1  DISCUSSION  OF  THE  FIELDS  EXCITING  THE  HORN 
AND  THE  APERTURES  CONSIDERED 


The  TEN  horn  antenna,  shown  in  Figure  2.1,  consists  of  two 
perfectly  conducting  circular  sectors  of  angle  0 and  radius  r sepa- 
rated  by  a snail  gap  at  the  apex  and  by  a distance  2h  at  r'  - r . 
Figure  2.1  is  the  sane  as  Figure  B.l  in  Appendix  B,  and  it  is  repeated 
here  for  the  convenience  of  the  reader.  The  TEM  horn,  first  studied 
experimentally  by  Susnan  and  Ianensdorf  (19?Q,19?1),  is  similar  to 
the  dihedral  horn  first  described  by  Schelkunoff  and  FTlis  (19$2»52d- 
531). 

Assume  that  due  to  the  excitation  v(t)  at  the  apex  of  the  TEM 
horn,  there  exists  a spherical  TEM  wave  between  the  wedges  described 
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Cartesian  source  coordinates  (x'.y'^z*) 
Spherical  source  coordinates  (r',c<f|3) 
Cartesian  observation  coordinates  (x,y,z) 
Spherical  observation  coordinates  (r,G,0) 


Figure  2,1 


The  TEM  Horn  Antenna 


where  ^ is  the  impedance  of  the  medium  and  kv  is  the  effective  voltage 
reflection  coefficient  determined  from 


1 


(2-3) 


Jeff 


V “ 4- 

is  the  effective  terminating  impedance  of  the  front  aperture  lo- 


cated at  r'  » r , and  Z is  the  characteristic  impedance  of  the  TEM 
a o 

horn. 

That  is,  if  the  apex  is  excited  by  V(t),  the  E field  within 
the  horn  arises  from  a forward  propagating  voltage  V(t  - r'/v ) and  a 
reflected  voltage  k V(t  + r’/v  - 2r  /v)  propagating  backward  toward 

V O 

th9  apex  from  the  front  aperture.  f(h^,j3)  is  a function  which  de- 
scribes the  taper  of  the  fields  in  the  two  angular  coordinates  ©C 
and  ^3.  However,  f(oC,  (3)  is  not  the  standard  illumination  function 
used  in  antenna  engineering  practice.  Let  the  standard  illumination 
function  be  designated  by  Then,  for  TEM  horns  with  small 

flare  in  the  E-plaae — that  i3,  when  2h«ra,  f(c<,p)  is  related  to 

F o0*,p>)  ty 


(2-4) 


Thus,  for  TEM  horns  with  small  flare  in  the  E-plane,  when  Fo(oC,p  ) 

• 1 (the  case  for  uniform  Illumination  of  the  front  aperture,  f(0d,p) 
££  l/(TT  - 20q).  Equation  (2-4)  results  from  the  simple  principle 
that  the  line  integral  of  the  E field  from  on-?  wedge  to  the  other  mu3t 
be  the  voltago  existing  between  the  two  wedges. 

The  cloeod  surface  S&  required  by  tho  Chernousov  formulation, 
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encompassing  the  TEM  horn,  is  shown  in  Figure  2.2.  (Note— The  gap  at 
the  apex  was  enlarged  for  the  sake  of  clarity  in  Figure  2.2.)  The 
closed  surface  Sa  consists  of  six  parts  as  follows i 

. 1.  a front  aperture  which  is  a spherical  sector  at  r'  ■»  r& 

extending  from  o(  to  oC  =TT— otjfl)  and  from  |3  = — ^3D 

to  (3  = (3  , 

2.  a wedge-shaped  side  aperture  located  at  |3  — extending 
from  r'  ■ 0 to  r*  ■ rB  and  from  oC-oCn  to  of  — TT— 

3#  another  wedge-shaped  side  aperture  located  at  p — — 130 
extending  from  r'  » 0 to  r*  - and  from  Of  — to 
o<  — TT— 

4,  a surface  on  top  of  the  upper  wedge  of  the  TEM  horn, 

5*  a surface  on  the  bottom  of  the  lower  wedge  of  the  TEM  horn, 


6.  a small  spherical  sector  located  at  the  apex. 

Consider  first  part  1.  The  outward  normal  "n  to  this  part  is 
in  the  r'  direction.  Therefore,  both  nxH  and  -nxE  current  sheets 
exist  at  the  front  aperture. 

Consider  next  part  2.  The  outward  normal  to  this  part  is  in 
A . _ 
the  (iQ  direction.  Therefore,  there  is  no  nxH  current  sheet,  but  there 

is  a -nxE  current  sheet  at  the  first  wedge-shaped  side  aperture. 

Consider  next  part  3.  The  outward  normal  to  this  part  is  In 
A 

the  -6  direction.  Therefore,  as  for  part  2,  there  is  no  nxH  current 

a ~ 

sheet,  but  .:<ere  is  a -nxE  sheet  at  the  second  wedge-shaped  side 
aperture. 


1? 


Consider  now  parts  4 and  5*  The  outward  normal  to  part  4 is 
A 

approximately  in  the  direction  for  horns  with  small  flare  in  the 

A 

E-plane.  The  outward  normal  to  part  5 is  approximately  in  the  oC 
direction  for  horns  with  small  flare  in  the  E-plane.  The  tangential 
E - 0 over  conduction  surfaces  4 and  5*  Therfore,  there  are  negligible 
-nxE  current  sheets  over  parts  4 and  5«  Theoretically,  however,  there 
exist  *nxH  current  sheets  over  parts  4 and  5*  The  exclusion  of  these 
current  sheets  from  the  Chernousov  formulation  was  motivated  by  the 
following  statement  made  by  Jordan  and  Balmain  (1968*495) i 

If  it  can  be  assumed  that  the  currents  on  the  outside  walls 
of  an  open-ended  wave  guide  have  negligible  effect  on  the  radi- 
ation from  the  guide,  the  problem  of  diffraction  through  an 
aperture  has  direct  application  ...  . Since  experimentally 
measured  radiation  patterns  are  found  to  agree  roughly  with 
patterns  computed  by  neglecting  these  outside  currents,  such 
calculations  may  be  used  if  only  approximate  answers  are  suf- 
ficient. 

Thus,  the  -nxE  current  sheets  over  parts  4 and  5 are  undoubtedly  small 
and  negligible,  while  the  nxH  current  sheets  were  assumed  to  be  negli- 
gible in  the  subsequent  Chernousov  analysis. 

Finally,  the  small  spherical  sector,  part  6,  was  neglected  in 
the  subsequent  analysis. 

From  a physical  vector  potential  viewpoint,  the  nxH  current 
sheets  on  the  bottom  surface  of  the  upper  wedge  of  the  TEH  horn  and  the 
top  surface  of  the  lower  wedge  of  the  TEH  horn  account  totally  for  the 
radiation  from  the  structure  if  currents  on  the  outer  surfaces  of  the 
wedges  are  neglected.  This  vector  potential  formulation  is  discussed 
in  Chapter  3 by  approximating  the  TEH  horn  shown  in  Figure  2,1  by  a 
section  of  a biconieal  antenna.  The  sane  spherical  TEH  wave  as  dis- 
cussed on  the  first  page  of  this  chapter  is  assumed  to  exist  between 
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the  two  wedges,  so  that  the  assumed  current  distribution  is  self-con- 
sistent with  the  fields  distribution.  As  a check,  approximate  closed 
form  solutions  for  the  electric  far  fields  in  the  azimuth  plane  in  the 
boresight  and  backfire  directions  are  shown  to  be  the  same  as  for  the 
aperture  model. 

Therefore,  the  closed  surface  S.  consisting  of  six  parts  has 
been  approximated  by  three  surfaces  with  radiating  fieldsj  namely  parts 
1,  2,  and  3l  and  three  surfaces  with  zero  fields.  The  three  radiating 
surfaces  are  the  front  aperture  and  two  wedge-shaped  side  apertures  of 
the  TEM  horn  respectively. 

It  should  be  emphasized  that  a useful  consequence  of  the  equiv- 
alence theorem  applied  to  the  closed  surface  S . as  pointed  out  by 

a 

Schelkunoff  and  Friis  (1952*516-520),  is  that  the  ftxH  and  -nxE  cur- 
rent sheets  at  the  three  apertures  of  the  TEM  horn  radiate  as  though 
they  were  in  free  space.  That  is,  they  radiate  as  if  the  metal  wedges 
were  removed. 

2.2  THE  TRANSIENT  ELECTRIC  FAR  FIELDS 
OF  A SPERRY  RAND  TEM  HORN 

The  Sperry  Rand  TEM  horn  shown  in  Figure  2.1  is  assumed  to  be 
excited  at  its  apex  by  a voltage  V(t),  The  fields  exciting  the  TEH 
horn  are  then  the  spherical  wave  described  by  equations  (2-1)  and 
(2-2).  The  Chernousov  formulation,  namely  equation  (3-1)  on  the  first 
page  of  Appendix  R,  was  then  applied  to  the  TEM  horn  considering  both 
the  front  aperture  and  two  wedge-shaped  side  apertures.  The  resulting 
theta  and  phi  components  of  the  electric  far  field  are  then  given  by 
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equations  (B-89)  and  (B-90)  in  Section  B.5  of  Appendix  B.  Equations 
(B— 89 ) and  (3-90)  describe  the  electric  far  fields  of  the  TEM  hem  at 
an  arbitrary  observation  point  P(9,$)  in  the  far  field. 

Equations  (3-89)  and  (B-90)  were  programmed  in  Fortran  for 
execution  on  a digital  computer.  Two  programs  were  written — one  for 
gausslan  excitation  V(t)  at  the  apex,  and  another  for  error  function 
excitation  V(t)  at  the  apex.  A complete  description  and  listing  of 
the  computer  program  for  gausslan  excitation  is  given  in  Section  D.l 
of  Appendix  D.  A complete  description  and  listing  of  the  computer 
program  for  error  function  excitation  is  given  in  Section  D.2  of 
Appendix  D. 

Before  applying  the  Chernousov  formulation  to  the  TEH  horn, 
two  other  solutions  were  attempted.  First,  because  of  the  similarity 
of  the  TEH  horn  to  a section  of  a blconical  antenna,  the  boundary  value 
problem  solution  for  sinusoidal  excitation  at  the  apex  was  attempted 
using  methods  paralleling  those  used  by  Schelkunoff  (1952 1 35-^9 )• 
Secondly,  the  time  domain  fields  were  formulated  In  terms  of  the 
current  sheets  flowing  on  the  two  metallic  sectors  for  step  function 
excitation  at  the  apex  using  the  geometry  shown  in  Figure  2.1,  Both 
of  these  attempts  led  to  results  which  were  intractable  and  gave  no 
engineering  insight  into  the  behavior  of  the  TEM  horn. 

Recently,  however,  the  TEK  horn  was  approximated  by  a section 
of  a biconical  antenna.  Then,  the  current  sheets  flowing  on  the  bl- 
conlcal  section  due  to  the  spherical  TEH  wave  described  by  equations 
(2-1)  and  (2-2)  were  determined.  Subsequently,  the  vector  potential 
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formulation  in  the  time  domain  was  used  to  determine  the  resultant  elec- 
tric far  fields  of  the  biconical  section.  This  biconical  formulation 
is  discussed  in  Chapter  3*  Approximate  closed  form  results  for  the 
theta  component  of  the  electric  far  field  in  the  azimuth  plane  are 
also  determined  in  Chapter  3.  The  boresight  and  backfire  closed  form 
solutions  are  shown  to  be  self-consistent  with  the  closed  form  solutions 
found  in  the  following  section. 

2.3  APPROXIMATE  CLOSED  FORM  SOLUTIONS  FOR  THE 
ELECTRIC  FAR  FIELDS  OF  THE  SPERRY  RAND 
TEH  HORN i THE  ROLES  OF  THE  FRONT 
APERTURE  AND  WEDGE-SHAPED 
SIDE  APERTURES 

Consider  first  the  theta  component  of  the  electric  far  field 
due  to  the  front  aperture  of  a Sperry  Rand  TEM  horn  in  the  azimuth 
(0  » 90°)  plane.  The  general  expression  for  an  arbitrary  observation 
point  P(9,0)  in  the  far  field  is  given  by  equation  (B-25)  on  the 
seventh  page  of  Appendix  B.  In  the  azimuth  plane,  cosQ  ■ 0,  There- 
fore, the  third  and  fourth  terms  of  (B-25)  are  zero.  Thus, 
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In  the  azimuth  plane,  from  equations  (B-22)  and  (B— 23 ) on  the  sixth 

la 


and  seventh  pages  of  Appendix  B, 
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T is  the  retarded  time  given  by  T ■ t - (r/v). 

Consider  the  case  when  the  front  aperture  i3  electrically 

small — that  is,  when  2r  fS  /v  and  r (TT  - 20  )/v  are  less  than  or 

a^  o a'  o 

comparable  with  the  excitation  waveform's  characteristic  time  dimen- 
sions, The  following  approximations  are  then  in  order,  l)  sino^l 
and  cos|3~l.  2}  For  (3q  small,  VJ  is  not  strongly  dependent  on 
and  may  be  considered  approximately  as  an  even  function  of  |3.  3) 

cos|3  is  an  even  function  of  ^ and  sln|S  is  an  odd  function  of  ^3. 
Therefore,  the  first  term  of  (2-5)  is  small  uith  respect  to  the  second 
and  third  terms. 

Then,  the  theta  component  of  the  radiation  due  to  the  front 
aperture  may  be  approximated  as 


rE  (r,t) 
FRONT 


9 - 90 


(2-7) 

The  double  Integral  is  approximated  as  follows.  For  homo  with  small 
flare  in  the  E-plane,  f(0C,|3)  l/(TT  - 290).  Using  the  mean  value 
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theorem  of  the  calculus, 
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whore  ^ is  some  angle  between  - |3q  and 


The  approximate  closed  form  result  for  radiation  from  the  front 
aperture  in  the  azimuth  plane  is  then 
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(2-9) 


An  electrically  small  front  aperture  thus  radiates  an  electric 
far  field  which  is  the  time  derivative  of  the  excitation  v(t)  applied 
to  the  apex  of  the  TEH  born. 


Define 


^^FRONT^'1^  9 * 90°  ~ V FRONT 


and  suppose  that  is  small  enough  so  that  cos(^  - cosff.  For 
the  boresight  (0-0°)  direction, 
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o 


For  the  0 • 90°  direction,  edge  on  to  the  front  aperture, 


* V(  j is  defined  as  4rrrS^  y 
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For  the  backfire  (0  » 180°)  direction, 
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Therefore,  the  time  delay  of  the  derivative  radiation  prog- 
resses from  T to  T - (2r  /v)  when  changing  from  the  boreslght  to 

u 

backfire  direction.  Also,  the  ratio  of  the  maximum  amplitude  of  the 
backfire  radiation  to  the  maximum  amplitude  of  the  boreslght  radiation 
is  -ky. 

Consider  now  the  theta  component  of  the  electric  far  field 
due  to  the  wedge-shaped  side  apertures  of  a Sperry  Rand  TEH  horn  in 
the  azimuth  (9  « 90°)  plane.  The  general  expression  for  an  arbitrary 
point  pffc, 0)  in  the  far  field  is  the  sum  of  equations  (B-^2)  and 
(B-56)  on  the  eleventh  and  fourteenth  pages  of  Appendix  fl  respectively. 
Assuming  that  the  front  aperture  is  electrically  small,  sin0C~l  and 
f(<*.po)~l/(Tr-  26o).  Thus, 
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In  the  azimuth  plane,  from  equations  (B-39)  and  (B-bO)  on  the  eleventh 
page  of  Appendix  B(i 

V: 
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ir  or 

Also,  in  the  azimuth  plane,  from  equations  (B -52)  and  (B-53)  on  the 


fourteenth  page  of  Appendix  B, 
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T Is  the  retarded  time  given  by  T » t - (r/v).  Since  the  front  aper- 
ture was  assumed  to  be  small, TT  - 2ft^Q  ~ TT  - 20q.  vhereforo, 
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Utilizing  the  substitutions 
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The  second  term  of  equation  (2-14)  is  the  same  as  the  first 
term  with  -sln(0  + (2>q)  replacing  3in(0  - PQ)  and  coo(ff  + (3q)  re- 
placing cos($  - (^0)«  The  approximate  closed  form  result  for  radiation 
from  the  wedge-shaped  side  apertures  in  the  azimuth  plane  Is  then 
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Equation  (2-21)  night  appear  at  first  to  be  rather  involved. 
However,  great  simplification  of  (2-21)  is  possible  in  the  boresight 
and  backfire  directions,  and  in  directions  well  removed  from  boresight 
and  backfire. 

Consider  first  the  boresight  (ff  « 0°)  direction.  Define 
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For  j3Q  small,  the  first  and  second  terms  in  (2-23)  nay  be  combined 


to  form  an  approximate  derivative  as  follows. 
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Therefore,  (2-23)  oay  be  written  as 

i 

L . o° 


f\y 

V, 


WEDGES 


A./ 


3r 

oC-a,i->p 


v L rj 


"3 


1 

(2-25) 


“J 


Therefore,  In  the  boresight  direction,  the  wedge-shaped  sido 
apertures  contribute  two  foras  of  radiation.  The  first  tern  of  (2-25) 
is  a negative  derivative  of  the  excitation,  whoso  magnitude  is  half 
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the  magnitude  of  the  positive  derivative  radiation  of  the  front  aper- 
ture. Thus,  the  wedges  reduce  the  amplitude  of  the  radiation  from  the 
front  aperture  by  a factor  of  two.  The  second  and  third  terms  of 
(2-25)  account  for  the  backward  radiation  due  to  the  reflected  waves 
travelling  along  the  wedges  from  the  front  aperture  back  toward  the 
apex.  This  backward  radiation  consists  of  delayed  replicas  of  the 
excitation. 

For  the  sake  of  completeness,  the  approximate  theta  component 
of  the  radiation  from  the  TEM  horn  in  the  boresight  direction  is 


Consider  next  the  contribution  from  the  wedges  in  the  backfire 
(flf  - 180°)  direction.  From  (2-21)  and  (2-22), 


For  po  small,  the  third  and  fourth  terms  of  (2-27)  may  be  combined  to 
form  an  approximate  derivative  as  follows. 
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A v5~  - v ^ v jj_ s£g  {2.28) 

Therefore,  (2-2?)  may  be  written  as 
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Thus,  in  the  backfire  direction,  the  wedges  again  contribute 


two  forms  of  radiation.  The  first  and  second  terms  of  (2-29)  account 
for  the  forward  radiation  due  to  waves  travelling  along  the  wedges  from 
the  apex  toward  the  front  aperture.  This  forward  radiation  consists 
of  delayed  replicas  of  the  excitation.  The  third  term  of  (2-29)  is 
a positive  derivative  radiation,  whose  magnitude  is  half  the  magnitude 
of  the  negative  derivative  radiation  from  the  front  aperture.  The 
total  radiation  of  the  TEM  horn  in  the  backfire  direction  is  the  sum 


of  (2-13)  and  (2-29). 

In  directions  well  removed  from  boresight  and  backfire  (0 
neither  near  0°  nor  near  180°),  equation  (2-21 ) may  be  greatly  sim- 


plified by  considering  (3»q  small  and  approximating  1 + cos(0  - ^) 
£ 1 + cos0  and  1 + cos($  ♦ ^3Q)  ^ 1 + cos$.  Then,  using  standard 
trlglnometrlc  identities. 
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In  directions  well  removed  from  the  boresight  and  backfire 
directions,  the  wedges  radiate  a series  of  delayed  replicas  of  the 
excitation.  The  amplitudes  and  time  occurrences  of  the  replicas  de- 
pend upon  the  observation  point  in  question.  The  total  radiation  of 
the  TEM  horn  in  directions  away  from  boresight  and  backfire  is  the 
sum  of  (2-9)  and  (2-30 ). 

2.4  THEORETICAL  AND  EXPERIMENTAL  RESULTS 
FOR  SPERRY  RAND  TEM  HORNS 

Susmar.  and  Lamensdorf  (1970»42-44)  studied  three  different  TEM 
horns  in  the  receive  mode  using  an  incident  electric  field  which  was  a 
gaussian  pulse.  All  three  horns  had  h p 2”  and  r =>  24",  The  wedge 
angles  of  the  three  horns  were  =>  2.5°»  30°,  and  90°  respectively. 

Due  to  the  time  domain  consequences  of  the  Carson-Rayleigh  Reciprocity 
Theorem  (Schmitt,  1960i293 )*  the  voltage  V(t)  received  at  the  apex  of 
the  TEM  horn  will  be  of  the  same  form  as  the  radiated  fields  if  the 
TEM  horn  is  excited  at  its  apex  by  the  time  Integral  of  V(t).  There- 
fore, to  compare  the  experimental  receive  mode  results  with  the  theo- 
retical formulation  using  the  Chernousov  approach,  the  TEM  hox*ns  were 
oxclted  at  the  apex  by  the  unit  error  function* 

(2-3!) 

aquations  (B-69)  and  (3-90)  in  Section  3.5  of  Appendix  B were 

* Tha  integral  of  gausoian  function  - error  function. 
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then  programmed  in  Fortran  for  execution  on  a digital  computer  using 
the  unit  error  function  excitation.  Since  Susman  and  Lamensdorf  (1970) 
did  not  perform  time  domain  reflectometry  measurements  to  determine 
the  voltage  reflection  coefficient,  k^,  the  effective  terminating 
impedance  of  the  front  aperture  was  determined  numerically  as  follows. 
First,  the  characteristic  impedance  of  the  particular  hern  in  question 
was  read  from  Susman  and  Lamensdorf  (19?0«29),  which  are  experimentally 
measured  characteristic  impedance  curves.  Then,  the  effective  termi- 
nating impedance  of  the  front  aperture,  Zeff>,  was  varied  until  the 
ratio  of  the  maximum  amplitude  of  the  boresight  response  to  the  maxi- 
mum amplitude  of  the  backfire  response  was  the  same  theoretically 
and  experimentally.  Also,  because  only  relative  amplitudes  were 
measured  experimentally,  the  maximum  amplitude  of  the  theoretical 
boresight  response  was  made  the  same  as  the  maximum  amplitude  of  the 
experimental  boresight  response. 

The  theoretical  and  experimental  results  are  shown  in  Figures 
2.3.  2.4,  and  2.5*  In  general,  these  figures  show  reasonable  agree- 
ment between  theory  and  experiment,  (Note — the  time  retardation 
between  the  maximum  boresight  response  and  the  maximum  negative  back- 
fire response  is  due  to  the  fact  that  the  horns  were  rotated  about 
the  center  of  the  two  wedges  rather  than  about  the  apex  for  the 
receive  mode  measurements.) 

In  Figure  2,3,  the  theoretical  results  show  spikes  on  the 
fields  at  0 • 60°,  90°,  and  120°,  This  effect  is  duo  to  the  theo- 
retical superposition  of  the  time  derivative  radiation  from  the  front 


Experimental  Results  (Susman  and  Lamensdorf,  1970*42 ) 

Theoretical  Results  from  Chernousov  Formulation  and  Computer  Runs 

0O  - 2.5°.  h - 2 , ra  « 2b 


Figure  2.3 

Azimuth  Plane  rEQ(r,t)  for  the 
First  Sperry  Rand  TEN  Horn 


aperture  as  given  approximately  by  equation  (2-9)  upon  the  delayed 
replica  radiation  from  the  side  wedges  as  given  approximately  by 
equation  (2-30).  This  phenomenon,  which  does  not  occur  when  using  a 
theoretical  current  sheet  approach,  as  discussed  in  Chapter.?,  is  felt 
to  be  due  to  the  approximation  of  the  horn  as  a set  of  three  distinct 
apertures.  This  highlights  the  separate  derivative  contribution  of 
the  front  aperture,  whereas  the  current  model  constitutes  a single 
radiating  system.  The  spike  phenomenon  does  not  occur  in  directions 
at  or  near  boresight,  which  is  the  important  direction  for  the  parab- 
oloid/horn  system.  In  addition,  the  spike  phenomenon  does  not  occur 
for  the  larger  (0q  - 30°  and  0q  - 90°)  horns. 

Also,  there  are  differences  in  the  dc  levels  of  the  theoretical 
and  experimental  results  for  0 between  120°  and  180°.  This  effect  is 
believed  to  be  due  to  the  fact  that  Susman  and  Lamensdorf  (19?0)  es- 
tablished the  experimental  zero  level  in  these  directions  to  be  the 
amplitude  of  the  positive  delayed  replica  response  when  this  amplitude 
was  small  and  not  noticeable  experimentally. 

Finally,  for  0 between  90°  and  180°,  the  experimental  responses 
are  smeared  in  time  with  respect  to  the  theoretically  computed  re- 
sponses, This  effect  has  not  been  explained  theoretically. 

2.5  APPROXIMATION  0?  THE  SIGHT-INCH  TS K HORN 
BY  A SPERRY  RAND  TEH  HORN 

The  eight-inch  TEH  horn  studied  by  Martins  et  al.  (1973)  is 
shown  in  Figure  2.6.  This  horn  is  very  similar  to  the  Sperry  Rand  TEH 
horns  except  that  the  front  aperture  is  rectangular  rather  than  being 
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a spherical  sector  located  at  r*  » r&t  However,  this  difference  does 
not  greatly  affect  the  basic  characteristics  of  the  electric  far  fields. 

Therefore,  the  eight-inch  TEH  horn  was  approximated  by  a Sperry 
Rand  TEM  horn  with  the  following  parameters}  » 59°»  h « O.65",  and 
ra  - 7.3". 

2.6  THEORETICAL  AND  EXPERIMENTAL  RESULTS 
FOR  THE  SIGHT-INCH  TEM  HORN 


Equations  (B-89)  and  (B— 90)  in  Section  B.5  of  Appendix  3 were 
programmed  in  Fortran  for  execution  on  a digital  computer  using  unit 
amplitude  gaussian  excitation  at  the  apex.  The  gaussian  excitation 


is  described  by 
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(2-32) 


The  parameters  stated  in  Section  2.5  above  were  used.  Martins  et  al. 
(1973«1^7)  used  time  domain  reflectometry  to  measure  the  characteristic 
impedance  Zq  and  voltage  reflection  coefficient  ky  of  the  eight-inch 
TEM  horn.  The  effective  terminating  impedance  Zeff  was  computed  from 
Zq  and  ky.  They  obtained  ZQ  0 5°  ohms,  kv  «*  0.7,  and  2 f «■  283  ohms. 
These  parameters  were  used  in  the  Input  for  the  theoretical  numerical 
computations. 

Martins  et  al.  (1973)  studied  the  eight-inch  TEM  horn  experi- 
mentally in  the  transmit  mode  using  a short  asymmetric  stub  sensor. 

The  stub  sensor's  terminal  voltage  Is  an  approximate  replica  of  the 
Incident  electric  field  (Stckert  and  Fitsgerald,  1973). 

The  theoretical  and  experimental  results  are  shown  in  Figures 
2o7,  2.8,  and  2.9.  The  experimental  results  were  scaled  so  that  the 
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maximum  amplitude  of  the  boreslght  response  was  the  same  theoretically 
and  experimentally,  A discussion  of  the  absolute  amplitude  of  the 
experimental  results  is  reserved  for  Chapter  6,  Note— in  the  theoret- 
ical numerical  computations,  was  normalized  to  unity  for  con- 

venience. However,  for  TEH  horns  with  3mall  flare  in  the  E-plane,  the 
actual  value  of  f (oC  , (3 ) 0^  l/(TT  - 20q).  Therefore,  for  the  eight-inch 
TEK  horn,  f (&£ , ^ l/(sin  *(2h/ra)}  **  $.62.  Therefore,  all  theoret- 
ical and  experimental  amplitudes  shown  in  Figures  2.7,  2.8,  and  2.9 
should  be  multiplied  by  5.62. 

Consider  first  the  results  for  the  boreslght  direction  shown 
in  Figure  2.7.  The  theoretical  boreslght  response  consists  of  an 
approximately  symmetric  derivative  of  the  exciting  gausslan  pulse 
followed  by  a positive  replica  of  the  exciting  pulse  retarded  by  the 
round  trip  time  from  the  apex.  The  experimental  bore3lght  response 
is  a derivative-type  radiation  of  the  exciting  gausslan  pulse  followed 
by  a more  complicated  series  of  replicas  approximately  delayed  by  the 
round  trip  time  from  the  apex.  The  asymmetry  in  the  experimental 
derivative  response  is  believed  to  be  due  to  the  rectangular  front 
aperture.  That  is — the  outward  propagating  spherical  wave  between 
the  two  conducting  wedges  does  not  reach  the  eiitire  front  aperture  at 
the  sa.ee  instant  In  lias.  The  outward  propagating  wave  reaches  the 
center  of  the  front  aperture  of  the  sight-inch  TEH  horn  first,  and 
starts  to  be  reflected  fro*  this  point.  As  the  outward  propagating 
wave  progresses,  it  reaches  points  symmetrically  located  on  each  side 
of  ths  center  of  the  front  aperture  until  the  tlee  when  it  reaches 
the  edges  of  the  front  aperture.  Therefore,  the  experimental  positive 


part  of  the  gausslan -derivative  radiation  is  somewhat  time  compressed 
with  respect  to  the  negative  part  of  the  gauss ian-derivative  radiation. 
This  implies  that  the  experimentally  measured  negative  pert  of  the 
gaussian-derivative  radiation  is  reduced  in  amplitude  end  smeared  in 
time  with  respect  to  the  positive  part.  This  effect  is  demonstrated  in 
Figures  2.7  and  2.8.  The  negative  going  experimental  pulses  near  the 
round  trip  time  from  the  apex  of  the  eight-inch  TEM  horn  xn  the  bore- 
sight  direction  appear  to  be  due  to  the  finiteness  of  the  gap  at  the 
apex,*  which  was  neglected  in  the  theoretical  analysis.  Also,  as  con- 
firmed in  a telephone  conversation  with  Martins,  some  of  the  scales 
shown  in  Martins  et  al.  (1973 i234)  are  incorrect.  Figures  55“b  and 
55“C  should  have  Horizontal  » 500  ps/cm.  Figure  55-c  should  have 
Vertical  «*  100  mv/cm.  Figure  2.9  shows  the  electric  far  field  of  the 
TEM  horn  at  0 - 100°.  This  is  a series  of  delayed  replicas  of  the 
gaussian  excitation,  which  is  confirmed  both  theoretically  and  experi- 
mentally. Around  the  retarded  time  T*  » t - (r/v)  ° 0,50  nanoseconds, 
the  experimental  results  show  a rather  flat  response  which  lasts  about 
300  picoseconds.  Therefore,  the  theoretically  computed  second  and 
third  delayed  r- plicas  are  displaced  in  time  110m  the  experimentally 
determined  responses  by  about  300  picoseconds.  The  reason  for  the 
experimentally  flat  response  about  T*  ■ 0.50  nanoseconds  has  not  been 
resolved.*  Figure  2.10  shows  the  theoretical  relative  amplitudes  of 
the  tbita  component  of  the  electric  far  field  at  various  angular 
directions  in  the  azimuth  plane. 

* This  statement  was  obtained  during  a personal  conversation 
with  Vasco  C.  Martins  of  Martins  et  al.  (1973)  at  the  Rome  Air  Devel- 
opment Center,  Rome,  N,  Y,  on  April  2,  1974. 
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Chapter  3 


THE  TRANSIENT  ELECTRIC  FAR  FIELDS 
OF  AN  APPROXIMATE  TEM  HORN— 

A BICONICAL  SECTION 

3.1  INTRODUCTION 

The  approximate  TEM  horn  model  is  two  perfectly  conducting 
surfaces  which  form  a section  of  a biconical  antenna.  This  model  is 
shown  in  Figure  3.1.  The  surfaces  extend  from  r*  = 0+  to  r'  » r 

& 

and  from  ^ ~ (^Q  *°  ^ “ ^0»  The  surfaces  are  located  at  o(  a and 

aJT  - 0q  respectively.  When  the  TEM  horn  has  small  flare  In  the 

E-plane,  that  is — when  9q  is  on  the  order  of  90°,  the  biconical  section 

model  is  very  similar  to  the  Sperry  Rand  TEM  horn  or  the  eight-inch 

TEM  horn  studied  by  Martins  et  al,  (1973). 

The  electric  far  fields  are  found  directly  from  the  current 

sheets  J which  flow  on  the  two  perfenily  conducting  surfaces.  Ap- 
s 

proximate  closed  form  solutions  for  the  theta  component  of  the  elec- 
tric far  field  in  the  azimuth  (9  - 90°)  plane  are  also  found. 

3.2  DERIVATION  OF  THE  ELECTRIC  FAR  FIELDS 
FROM  THE  VECTOR  POTENTIAL 

The  fundamental  equations  used  In  the  derivation  are 
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Cartesian  source  coordinates  (x',y'(z’) 
Spherical  source  coordinates  (r',o<:,(3) 
Cartesian  observation  coordinates  (x,y,z) 
Spherical  observation  coordinates  (r,9,0) 


Figure  3*1 

The  TEM  Horn  as  a Diconical  Section 
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! 


and 

H(r)±)=^ryxA(fJt)  (3-2) 

The  various  quantities  involved  in  equations  (3-1)  and  (3-2)  arei 
A,  the  electric  vector  potential, 

R =>  r - | , 

s',  the  surface  of  integration,  and 
yU,  the  permittivity  of  the  medium. 

The  coordinate  systems  are  indicated  in  Figure  3*1.  In  the  far  field, 
E(r,t)  is  found  from  H(?,t)  by  the  simple  relationship 

Ef,±)=n[R(n±)xr]  (3-3) 

where  V)  is  the  Impedance  of  the  medium. 


Assume  that  within  the  region  between  the  two  perfectly  con- 
ducting surfaces  the  S and  H fields  are  the  same  as  those  assumed  for 
the  Sperry  Rand  derivation  in  Section  2.1  of  Chapter  2.  Therefore, 


ky  and  f(o<',^)  are  also  discussed  in  Section  2.1  of  Chapter  2.  The 
J current  sheets  flowing  on  the  upper  and  lower  surfaces  are  found 

5 

from  the  boundary  condition 


Js  = nxH  0-5) 

wherein  io  the  Inward  unit  normal  to  tk e surface  in  question.  At  the 
upper  surface,  n - o£.  Therefore, 


4? 


Also,  at  the  perfectly  conducting  surfaces, 


c9s / — r Gc <£ |3 <Ar ' (3 

Also,  /l/*l  ° l/v,  sln0Q  » sln(TT  - 0Q),  and  f(0Q,  (3)  » f (TT  - 0Q,  (3) 
Ther.,  substituting  (3-6),  (3*7 )»  and  (3-8)  into  (3-1)* 


R and  Rx  are  the  values  of  R at  the  upper  and  lower  surfaces  respec- 
tively. r;  and  r' , and  rj,  and  r' , are  the  values  of  r'  and  r*  at  the 

upper  and  lower  surfaces  respectively. 

Since  only  the  far  fields  are  desired,  Ru  and  Rj  are  replaced 

by  their  approximate  values  in  the  numerator  and  denominator  of  (3-9). 

A A, 

In  the  denominator,  R^  R^  r.  In  the  arguments  of  V,  R^  r - r.ru 

_ A A / 

and  R^iJy  r - r.r^. 

At  the  upper  surface, 

C<tO c<yO  0 

-| (3-10) 

At  the  lower  surface, 

p«  Q—  C'(jwn.Q0  c<rO0 

A — (kJ<i0oCo OOj  (3-11) 

O'*  and  r*  need  to  be  described  in  terms  of  9 , S ,0,0,r,9,  and^  so 
u 1 ’ 

that  the  curl  operation  on  the  observation  coordinates  r,0,0,  re- 
quired by  equation  (3-2),  may  be  perfumed. 

l^zr^bn.0oCo<l^X  (3-12, 

Using  the  vector  identities 

y — r -j-OTO0arO08  (3-13; 

4-  O+CoO0  0 (3-1** 

Ccr0  8 0 © (3-13 


in  (3-12),  may  be  written  as  follows. 


Hu  — f>WL0oCoO  |3.AlvL"  0 C3-0  0 

-)-£oO0ocoOej  p 

— C<r3^  CcrO  0 Co-00 

-}-  ^Uvu  0o><U*l.  ^ QtO  &Jwh*  0— Cco  0O  © 

-\-  ^ — yCovuG^  Co<i  (3^Covv0 
-J-^duvu  Qq^AM'(3  Co O 0^  0 


A A _ 

r'  is  the  same  as  r'  with  0 replaced  by  TT  - 9 . Therefore, 
1 u 0 r J o ’ 


Q_ — LAi*\-  Gq  CoO  (3  AMTu  0 CtO  0 

— j—  0O  |3^d^^u©^4^>yu0 — CoO  6^CerO  ©j  p 

-j-L44*\.0o  CoO/3  CoO  © CoO0 

, . , - \A 

C&Q  Qjm\sQ$  -f-  C<r0  Go-A^Oj  0 

-j~^ — /Oa*l.0o  c<rO  ^v&aav  0 

>liAV|3  coO0^  0 ( 


Also,  define 


jt- 


A -/ 


V(T-  £ + A Vu, 

V(T+£-^  + k&')&V-ua. 
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A — / 


v(t+§'-^+A?')a 


v or 


Via 


In  the  spherical  coordinates  r ,Q,0, 

VXA=(f^  + ^g 


_J MaNd 

OImvO  / 


I / i Mr  Mg'  AM  A 

' luw.e  ^ Jr  r /° 


+(^  + 4^ 


f jtW 


Since  only  the  theta  and  phi  components  of  V xA  which  vary  as  l/r  are 
needed  to  find  the  electric  far  fields  of  the  biconical  section,  only 
^^and^~  need  to  be  computed.  Realizing  that  V jJ/j( ^ » v,  from 
(3-23).  (3-2),  and  (3-3), 


E6M 


Also,  from  (3-23),  (3-2).  and  (3-3), 


E„{r,t)=  ^ 


Performing  the  operation  Indicated  by  (3-2*0  or.  (3-9)  using  (3-16) 


through  (3-22), 


HTTvrrEe(nt) 


5-  (?° 


— Gg<sQC(&0 


J' \(Q*> pWa00Cdtl -ivVu 

' 51 


(30 

— C<rO  fi(0o;^^©o^p|yvrV4]<®^r' 

A s\ 


O 

Pa.  (30 
p pL° 


-t-A^L  0 jj3 -|fe^  p)^tL0o  C<rO eo[v^  -lvVua__  cfi ^ dr / 

° -fo 

-f  - c<^  0 jj\(%  Vi  s ~ JvV&_  cS^ir ' 

° -fo 

P*.  (30 

■{“  c<j^0a0^0 jf  jff pWt  0o^un>^[y^/l  — 4v\/4  cfi^r' 

r 0-po 

-|->Wv.gJ  J f VA|  ~lvVi^  Ar/  (3- 

o _(30 

The  primes  associated  with  the  various  V’s  indicate  differentiation 
uith  respect  to  the  argument  of  the  V in  question.  Performing  the 
operation  indicated  by  (3-25)  on  (3-9)  using  (3-16)  through  (3-22), 


4TUrrEj»(f,i: 


jf4(^p)^,®0^p[Vu|-ivVua_4(5ir' 

o -(S. 

f ft 

■CkrQ0lJ  — 

o -(2„ 


f Vii  — dip  <4 


r7 


(3-27) 


The  transient  electric  far  fields  of  a biconical  antenna  could 


be  found  from  equations  (3-26)  and  (3-2?)  as  follows.  If  the  spher- 
ical TEM  wave  described  by  equations  (2-1)  and  (2-2)  in  Section  2.1 
of  Chapter  2 is  a reasonable  approximation  to  the  electromagnetic 
fields  exciting  the  biconical  antenna,  simply  replace  ^3  by  TT  in  the 
limits  of  Integration  in  equations  (3-26)  and  (3-27).  For  wide-angle 
biconical  antennas.  f(eo.  (3)  ~ l/(TT  - 20o).  For  other  biconical 
antennas,  another  form  of  f(0o,(3)  would  have  to  be  determined,  ^ca- 
tions (3-26)  and  (3-27)  could  then  be  programmed  for  execution  on  a 
digital  computer  using  a given  form  for  the  voltage  V(t)  exciting  the 
apex  of  the  bicone.  The  approximate  numerical  solutions  would  be 


valid  for  an  arbitrary  observation  j^lnt  ?(d,0)  in  the  far  field. 


3.3  A|’11?0XIKATS  CLOSED  F0S1M  SOU*TION3  FOR  THE 
THETA  COKFOf.'KTr  OF  THE  ELECIHIC  FAR 
IN  THE  AZIMUTH  PLANS 


V'lELD 


Consider  equation  (3-26)  for  the  theta  component  of  the  elec- 
tric far  Held.  In  the  asltauth  (9  « 90°)  pla.se,  coad  • 0 and  sin9 
- 1.  Therefore,  the  first,  second,  fourth,  and  fifth  lines  of  (3-26) 
are  sero.  Consider  now  a TEM  horn  with  snail  flare  In  the  E-plane. 
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Then  f(0Q,  (£)£;  l/OT  - 29o)  and  sin0ocos0o  - (sin20Q)/2  ^ (IT  - 20  )/2, 
Therefore,  (3-26)  may  be  written  in  the  azimuth  plane  as 


(3-33) 


- V[ T-  ^]j 

Consider  now  the  case  when  the  front  aperture  of  the  approx- 
imate TSM  horn  Is  electrically  small,  that  Is— when  2ra(30/v  and 

r (TT  - 20  )/v  are  less  than  or  comparable  with  the  exciting  wave- 
s' o' 

form's  characteristic  time  dimensions.  Then,  the  integration  over($ 

in  (3-29)  will  be  approximated  by  2 /5  times  the  value  of  the  inner 

A ° A 

integral  over  r'  evaluated  at  |3,  where  (3  is  some  angle  between  -^Q 


and 


F°- 


Thus,  (3-29)  may  be  written  in  the  azimuth  plane  as 


4TTvr-E9(r,t) 


90' 


~,=S&p^fl-vCT-fr(i-^rr4] 

- rffijbrly 1 j-  v C - 

- V(T-  | 

Consider  first  the  bofesfght  (0  ■ 0°)  direction.  The  first 
two  terms  of  (3-3*0  nay  then  be  combined  to  fo ra  an  approximate  deriv- 


ative as  follows. 

^y  fT]  (MJ) 

■ tx  f ! >■*  fx  i f—  L* 

I ' — I c 

A A 

Also,  since  ^ is  small*  cos^j  is  not  greatly  different  from  1,  and 
1 - cos|S  Is  not  greatly  different  from  1 - cos  ft  . Therefore, 


c<; 


'BORESIGHT 


(r.t) 


tT] 


WM1  U VJ  I 1 — 

- «*p.)]  -vf-  ^-]  j 


(3-36) 


aquation  (3—36 ) is  Identical  to  equation  (2-26)  in  Section  2.3  of  Chap- 

k 

ter  2.  Therefore,  the  approximate  theta  component  of  the  electric  far 
field  in  the  boresight  direction  using  the  vector  potential  approach 
is  self-consistent  with  the  result  obtained  by  the  aperture  approach. 

Consider  next  the  backfire  (0  = 180°)  direction.  The  third 
and  fourth  terms  of  (3-3*0  ntay  then  be  combined  to  form  an  approximate 
derivative  as  follows. 


v/pr— 

PH  I -coop) 

A vEr-  % +e]  -v[t-  ^r] 


A A 

Again,  since  ^ is  small,  cosp  is  not  greatly  different  from  1,  and 
1 ♦ cosj§  is  not  greatly  different  from  l ♦ cos  Therefore, 

~ -V[T-  Jf-O+^o)]} 


Equation  (3-38)  is  Identical  to  the  sum  of  equations  (2-X3)  and  (2-29) 
divided  by  ^TTr.  Therefore,  the  approxloate  theta  component  of  the 
electric  far  field  in  the  backfire  direction  using  the  vector  potential 
approach  is  also  self-consistent  with  the  result  obtained  by  the  aper- 
ture approach  discussed  in  Section  2.3  of  Chapter  2. 


5b 


Consider  finally  directions  in  the  azimuth  plane  well  removed 
from  the  boresight  and  backfire  directions  (directions  for  which  $ is 
neither  near  0°  nor  near  180°).  Since  is  small,  in  these  direc- 
tions 1 - cos(  ^ - 0)^1  - cosft,  and  1 + cos(  ^ 1 + cos$. 

Hence,  (3-3^)  may  be  written  as 

— VLT-$-(l- -crts*)} 

Equation  (3-39)  is  identical  to  equation  (2-30)  divided  by 
4TTr.  Therefore,  using  the  vector  potential  approach,  in  directions 
well  reriioved  from  boresight  and  backfire,  the  total  radiation  of  the 
TEM  horn  consists  of  a series  of  delayed  replicas  of  the  excitation 
applied  to  the  apex.  However,  the  derivative  radiation  of  the  front 
aperture  as  given  by  equation  (2-9)  does  not  appear  in  (3—39 ) - As 
discussed  in  Section  2.4  of  Chapter  2,  the  superposition  of  the  deriv- 
ative radiation  upon  the  delayed  replica  radiation  is  due  to  the  ap- 
proximation of  the  TEM  horn  as  a structure  of  three  apertures  when  the 
front  aperture  is  electrically  very  small. 


EQ(?,t) 


^0° 

0^180° 


/V-*' 


4 


aur  0-^0) 
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Chapter  4 


THE  TRANSIENT  ELECTRIC  FAR  FIELDS  OF  A 
PARABOLOID  REFLECT OR /FOINT  SOURCE  FEED 
ANTENNA  SYSTEM 

4.1  INTRODUCTION 

Consider  the  paraboloid  reflector  shown  in  Figure  4,1.  This 
figure  is  identical  to  Figure  C.l  on  the  second  page  of  Appendix  C, 
and  it  is  repeated  here  for  the  convenience  of  the  reader.  The  var- 
ious coordinate  systems  shown  in  Figure  4.1  are  discussed  i.i  Section 
C.l  of  Appendix  C, 

Assume  ti&t  at  the  focus  of  the  paraboloid,  located  at  0,  there 
exists  a spherical -wave  point  source  radiator  which  has  the  following 
electric  far  field  components  in  terms  of  the  spherical  coordinates 


r • $■ 


e 


(*-i) 


and 


That  is — it  is  assumed  that  the  paraboloid  reflector  is  in  the  far 
field  of  the  point  source,  E^  and  represent  components  of  a 
TEK  spherical  wave  propagating  in  the  ^ direction.  V<  and  V0  are 


'1 


& 


OF  *»  f «*  focal  length 

?.  « center  of  exit  aoerture 

o 

«*  half-angular  aperture 

0 »TT  - 9 


Figure  k.l 

Geoaetry  for  the  iaraboloid  Reflector/ Point  Source  Feed 
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general  functions  of  and  t,  junctions  Vj  and  V2  may  be  applied 

to  any  transient  or  cw  feed  which  may  be  approximated  as  a point  source  4 

radiator  located  at  the  focus  of  the  paraboloid.  Thus,  and  are 
not  limited  to  an  approximation  of  the  TEM  horn  feed. 

4.2  THE  TRANSIENT'  ELECTRIC  FAR  FIELDS  OF  THE 
SYSTEM  IN  TERMS  OF  THE  EXIT  APERTURE  FIELDS 

The  electric  far  fields  of  the  point  source  as  given  by  equa- 
tions (4-1)  and  (4-2),  along  with  their  associated  magnetic  fields, 
then  impinge  upon  the  perfectly  conducting  paraboloid  reflector  sur- 
face. The  complete  mathematical  details  of  the  derivation  of  the  elec- 
tric far  fields  of  the  paraboloid  reflector/point  source  feed  antenna 
system  in  terms  of  the  fields  over  the  exit  aperture  are  given  in 
Appendix  C. 

The  derivation  of  the  system  far  fields  in  terms  of  the  fields 
over  the  exit  aperture  of  the  paraboloid  utilizes  four  basic  assump- 
tions* 

1.  The  paraboloid  reflector  is  assumed  to  be  sufficiently 
smooth  to  allow  application  of  the  plane  wave  boundary 
conditions  at  the  perfectly  conducting  surface. 

2.  The  geometrical  optics  approximation  is  Invoked  to  afford 
a one-to-one,  point-to-point  transformation  between  the 
fields  at  the  paraboloid  surface  and  the  fields  at  the 
exit  aperture. 

3.  The  Chernousov  formulation  requires  a closed  aperture 
surface  S4.  In  keeping  with  common  practice,  S*  is  taken 

a 
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as  a plane  containing  the  exit  aperture  of  the  paraboloid, 
and  closed  at  infinity,  and  the  fields  over  the  non-aperture 
part  of  the  plane  are  taken  as  approximately  zero  (Ramo  and 
Whinnery,  1956 *530, 532). 

4,  Edge  effects  at  the  exit  aperture  are  not  considered. 

Employing  the  geometrical  optics  approximation,  the  values  of 
V^A  and  Vj  and  evaluated  at  the  exit  aperture  respectively, 
may  be  easily  found.  V^A  is  the  same  as  if  the  time  retardation 
from  the  focus  to  the  exit  aperture  is  taken  into  account.  Also, 
has  the  same  relationship  to  Vg.  The  time  retardation  from  the  focus 
to  the  exit  aperture  is  simply  the  length  of  the  optical  path  divided 
by  v,  the  velocity  of  propagation  in  the  medium.  Therefore, 


Vi  AM~  e -$•  - i-p6.6:/p')a-+ 1 1 


- 16^/0)'  , , 
V ~i  [ 

vL  i6( 5/m  Jj 


>-3) 


and 


L r 

I M 


s'  r \q(sy p)1  a-  a S[ 

V-  L J 


w *,* 


- rs^yo)2' 


(4-4) 


The  relationship  between^  and  r in  terms  of  f Is  given  by  equation 
(C-32)  on  the  seventh  page  of  Appendix  C.  The  Chernousov  formulation, 
namely  equation  (C-fS.S)  on  the  thirteenth  page  of  Appendix  C,  is  now- 
applied  to  the  electromagnetic  fields  existing  over  the  exit  aperture 
of  the  paraboisld.  The  application  of  the  Chernousov  (1965)  formulation 
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results  in  equations  (C-92)  and  (C-93)  in  Section  C.4  of  Appendix  C. 
The  primes  associated  with  V^A  and  VgA  in  equations  (C-92)  and  (C— 93 ) 
indicate  differentiation  with  respect  to  the  time  argument  of  the  V 
in  question,  VJA  and  V£A  are  given  by  equations  (C-68)  and  (C-69) 
respectively.  The  time  arguments  of  VJA  and  V^A  are  given  by  equation 
(C-95). 

4.3  TRANSFORMATIONS  BETWEEN  THE  POINT  SOURCE  FEED 
OBSERVATION  COORDINATES  AND  THE 
EXIT  APERTURE  COORDINATES 

The  purpose  of  this  section  is  to  determine  the  transformations 
between  and  V2,  as  given  in  equations  (4-1)  and  (4-2),  and  the 
normalized  electric  far  fields  of  a point  source  feed,  located  at  the 
focus  of  the  paraboloid,  which  has  cartesian  observation  coordinates 

XH,yH,ZH*  The  "H"  is  use(i  from  here  on  for  aH  feed  coor- 

dinates to  avoid  confusion  between  feed  and  paraboloid  coordinate 
systems. 

The  orientation  of  the  feed  cartesian  coordinates  xu,yu,zu 
with  respect  to  the  paraboloid  cartesian  coordinates  x,y,z  Is  shown 
in  Figure  4.2.  The  spherical  feed  coordinates  corresponding  to  the 
feed  cartesian  coordinates  are  r^.9^,0^.  The  spherical  source  coor- 
dinates for  the  paraboloid  ere  and  the  exit  aperture  coor- 

dinates for  tho  paraboloid  are  r,^,z.  The  paraboloid  source  coor- 
dinates and  exit  aperture  coordinates  are  sh-wn  in  Figure  4.1. 

Let  the  normalized  electric  far  field  components  of  the  feed 
be  designated  bj  r HE9H  and  rpS0H.  These  normal iced  field  components 
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are  physically  more  typical  for  a feed  than  Vj  and  V2,  which  were  used 
for  the  sake  of  mathematical  simplicity  in  the  derivation  in  Appendix 

C. 

First,  V and  V9  are  found  in  terms  of  the  normalized  field 
1 2 

components  of  the  feed  and  the  spherical  paraboloid  source  coordinates 
Secondly,  Vj  and  V2  are  found  in  terms  of  the  normalized 
field  components  of  the  feed  and  the  paraboloid  exit  aperture  coor- 
dinates r/|E,z. 

The  relationships  between  the  two  cartesian  systems  are  given 


X — 2 H 

5=  X h 

Also,  since  the  origins  of  the  spherical  systems  rH.8H.0,(  “d  f . ? 
coincide, 

f = 

The  following  vector  identities  are  employed. 

X (4-‘ 

A,  = f $ +C40{$  ^ 


The  spherical  systems  are  related  to  the  corresponding  cartesian  sys- 
tems by  the  following  relationships. 


Xpj  — rH  ^ 

(4-14) 

/4J/f^rr:  Pj-j  sCdsA*,  Q ^ AM/\, 

(4-15) 

^H=  C<T<> 

(4-16) 

x — 

(4-1?) 

(4-18) 

CL- 

ii 

rw 

(4-19) 

Using  (4-5)  through  (4-19),  after  numerous  manipulations, 


A 

Qu  — — 


(4-20) 


r JCo^t 


(4-21) 


V.CY.f:  ,t)  and  V2(^,^,t),  used  in  the  derivation  of  the 
electric  far  fields  of  the  paraboloid  reflector/point  source  feed 
system,  are  now  found  in  terms  of  and  r^K^..,  the  normalized 

electric  far  fields  of  the  point  source  feed.  The  normalized  elec- 
tric far  field  of  the  feed  is 

rH  E(nut)  = rH (“‘22) 

Pros  equations  (4-1)  and  (4-2),  the  noraallsed  electric  far  field 

6$ 


oxciting  the  paraboloid  may  also  be  written  as 


p E(  j:)  = 

Equating  (4-22)  and  (4-23),  and  utilizing  (4-20)  and  (4-21), 


V,(T;^t) 


JT—^FycW^ 


AM'\ 


\j^y  g -£)  __  _( rH  ~~  ^H^2TH  cg^ggo|l 

; J J~\ 


(4-23) 


(4-25) 


To  write  (4-24)  and  (4-25)  in  terras  of  the  exit  aperture  coor- 


dinates r,^,z,  the  relationships 


_ n - ra/M 0 

^^-(VRYW) 


(4-26) 


^W'T“5(l  + r)/s5a) 


are  employed.  Therefore, 


\l  (r  P f'- 


v / (r  ? 4A_  5 (l  +l~3^5a).AW.  i rH  Eon 
vl('^ 


irX  1 7^  r/>^a)«dt^<Hbgftj_  & 

JPH  tr^^rQf 
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4.4  A SOLUTION  FOR  THE  FAR  FIELDS  OF  THE 
ANTENNA  SYSTEM  IN  THE  BORES IGHf  DIRECTION 
FOR  AN  ISOTROPIC  FEED 


Consider  the  case  when  the  point  source  feed  has  an  EGH  elec- 
tric far  field  component  only.  In  accordance  with  equations  (C-68) 
and  (C-69)  in  Appendix  C,  define  / 

v6Ha  ^-(rH  E©h)a  (*-»> 

That  is,  is  the  partial  derivative  of  with  respect  to  its 

nA 

time  argument  when  ruEou  is  evaluated  at  the  exit  aperture  of  the 

H yn 

paraboloid. 

In  the  boresight  (0  «=  0°)  direction,  fro  equation  (C-95) 
in  Append!;;  C,  the  time  argument  of  r^E^  13  T - (2f/v),  where 
T » t - (R/v).  Therefore, 

v'C,,  — 

OHA^=o»-  V ! ~#/j)  ( 31‘ 

Consider  as  an  illustrative  example  a point  source  feed  whoso 
angular  radiation  pattern  is  Isotropic  (gain  CfH  , £ ) ^ l)  or  is  at 
least  constant  over  the  solid  angle  subtended  by  t-;$  paraboloid.  This 
produces  an  exit  aperture  illumination  which  varies  only  as  i/p  . 

(See  Silver  (19f>5»419).  The  isotropic  feed  is  equivalent  to  Silver's 
equation  (il)  on  page  **19  with  cCV.fi:)  • 1.)  Then 


V- 
} > 


liiLL. 


h^ohv  l —uxr/ 
<£(T-35/v) 
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From  equations  (068)  and  (069),  using  (4-28),  (4-29),  and  (4-32), 

\j(A—  fCl-rWQcgojy' 


VaA=-: 


Define 


M+  rWl-rWf 

S(  I + ryMSa)xWv|  v ' 

1 + t~yM5a)a— 


Q =7SY  I + (“-35; 

Substituting  (4-33)  and  (4-34)  into  equations  (092)  and  (093)  in 
Appendix  C,  the®  and  $ components  of  the  electric  far  fields  of  the 
paraboloid  ref lector /point  source  feed  antenna  system  in  the  boreslght 
(@  ■ 0°)  direction  may  be  written  as  follows. 


Rt,0(R;±) 


r air  o/a 

-V |_AfcrL0tf 

1^1  J (l  + rys^Q 

o 0 


-aw0-fT 

J O+r-y^Q 

0 0 

fir  o/i 

O ®0 

- CoogtH J 

<0  d 0 J 


Re0(r)i) 


& = 0° 


2.TTV 


3TT  0/a 


ao  ao 

an  da 


^ TL  (H-ra/sfa)Q 


— C< jO0 


(,  J*0  ~( i-i-rysi'j)a 

^«D/a  . „ 

c<r3  r a)  r&  g 

, iL,  Q 


o 

air  D/<2. 


— 


'r  c$  r dD 


o o'o 


(M?) 


aquations  (4-36)  and  may  bo  simplified  by  considering 

the  various  Integrals  over  First,  utilising  several  straight- 

forward trigonometric  substitutions, 

(P  c<>0  cT  Ji  ,T_  . 


Secondly,  let 


o5  ~f5(l  + r 


WV 


(*K>8) 


(£»-39) 


Then,  after  the  utilisation  of  a number  of  trigonometric  substitutions, 

4 


4i*in  P & ^ ~ Jj_  jf  yi  ;-  - !!  J-  ,\U 

a.  JJ/T— 


(ii-VO) 


where  r^/a^b  i for  all  r.  (Uote — r"/^  » i only  when  r “ 2f. ) Final- 
ly, after  utilising  trigonometric  substitutions  sixiair  to  those  used 


to  derive  (4-40), 

f%0.3  .£  — _SjL„,  

a {JO1** ){ i 

° 


(4-M ) 


T 


Substituting  (4-38).  (4-40)  and  (4-41)  Into  (4-36)  and  (4-37). 
ulth  a2  given  by  (4-39).  »E0(5.t)  and  nay  be  written  In  the 
boresight  direction  as  follows. 


re«M 


0=  0‘ 


ttu  J \J  (I +r  / H51)  Jjfi-tdM  I - rV/a1) 


.D/2, 


I 


+ 


rJr 


f y i — u a ct 


( ; +ry^wjT^*y<i 


(4-42) 


and 


RE0(R^] 


® = 0° 


y — 9/2.  pi  _ . 

g r f drfi  ~ 

TTv5-  J jfl  — u2)(|—  r m/a*T 


nP/1  , 

I r.4r. 

i i 


i r 

/?  r 

a j 


u 


* <b  A 


(4-43) 


J(  I -hfVMf-y  rr1  ra/u.yaA  J 

The  intends  in  (4-42)  and  (4-4))  are  positive  definite  for 
r<2f.  Therefore,  the  integrals  thtawolves  »r«  positive  for  r<  2S. 
Consider  first  the  boresight  direction  »t  jJ  *•  0°.  Then 

- if.*) is  *'m  hy  c^j  WUh  ^ " l’  and 

9Sp(H.t)j(Si0)  . (0ei0o?  is  cere.  Therefore.  the  for.  of  the  electric 
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far  field  of  the  paraboloid  reflector/point  source  feed  system  in  the 
boresight  direction  is  the  negative  time  derivative  of  the  excitation# 

As  a check  on  the  (©,0)  50  (0°,0°)  results,  consider  the 
(©.0)  a (0°r90°)  direction.  Then  RE^R.t)  |(0^)  . (o°,90°)  ls 
zero  and  RE^(a,t)j(@^)  _ is  identical  to  RE0(R,t)  |(@^}  „ 

(o°,o0)- 

The  theoretical  numerical  solution  of  equation  (4-42)  for 
the  paraboloid  studied  by  Martins  et  ai.  (1973)  is  shown  in  Figure 
5# 5 of  Chapter  5#  Chapter  5 also  presents  theoretical  solutions  for 
directions  away  from  boresight  for  the  isotropic  feed  considered  in 
Section  4,4. 

In  addition.  Chapter  5 presents  theoretical  and  experimental 

solutions  for  the  radiation  fields  of  paraboloid  reflector/TEM 

horn  antenna  system  when  the  eight-inch  TSM  horn  studied  by  Martins 

et  al,  (1973)  is  approximated  by  a point  source  radiator  located  at 

the  focus  of  the  paraboloid.  In  this  case,  the  electric  far  fields 

of  the  TEM  horn  are  not  isotropic  in  the  angular  coordinates^  and 
>• 

Also,  the  time  waveshape  of  the  horn  far  fields  varies  with  the 
angular  position  ( r ) in  space.  The  angular  and  time  variations 
of  the  waveshape  for  the  normalized  electric  far  fields  of  the  eight- 
inch  TEM  horn  are  shown  in  Figures  $A  through  in  Chapter  5* 
Figures  5*1  through  characterize  the  electric  far  fields  of  the 
eight-inch  horn  over  the  exit  aperture  of  the  paraboloid. 


Chapter  5 


THE  TRANSIENT  ELECTRIC  FAR  FIELDS  OF  A 
PARABOLOID  flEFLECTOR/TEM  HORN  FEED 
ANTENNA  SYSTEM 


5.1  THE  NUMERICALLY  COMPUTED  ELECTRIC  FAR  FIELDS 
OF  THE  SIGHT- INCH  TEM  HORN 
OVER  THE  EXIT  APERTURE 


In  this  chapter,  as  in  Chapter  4,  the  coordinate  systems  of  the 
feed  are  designated  by  the  subscript  "H"  to  avoid  confusion  between  the 
feed  coordinates  and  the  paraboloid  coordinates.  Equations  (B-89)  and 
(B-90)  in  Section  3.5  of  Appendix  B were  programmed  in  Fortran  for 
execution  on  a digital  computer  using  unit  amplitude  gaussian  excitation 
at  the  apex  of  the  TEM  horn.  The  approximation  of  the  eight-inch  TEM 
hern,  studied  by  Martins  et  al,  (1973),  by  a Sperry  Rand  TEM  horn  is 
discussed  in  Section  2.5  of  Chapter  2. 

Computer  runs  were  performed  in  both  the  azimuth  and  polar 
planes  of  the  approximate  eight-inch  TEM  horn  to  characterize  the 
electric  far  fields  over  the  angular  aperture  of  the  paraboloid.  The 
half-angular  aperture  '3?  of  the  paraboloid  is  given  in  terms  of  f 
and  D,  as  shown  in  Figure  4,1,  by  the  relationship 


Cb~o 


E - fecw-  j] 


(5-D 


The  paraboloid  usod  by  Martins  et  al,  (1973)  had  f ■ 20,16"  and  D - 48". 
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Therefore,  3?  - 61.4°. 

In  terms  of  spherical  feed  observation  coordinates  ru,Qu,$ut 

nan 

indicated  in  Figure  4,2,  the  boreslght  direction  for  the  feed  is 
(0  ) = (90°, 0°).  Therefore,  since  the  half-angular  aperture  of 

the  paraboloid  is  approximately  60°,  azimuth  plane  runs  were  per- 
formed from  (0^,0H)  “ (90°,60°)  to  = (90°,~60°).  Also,  polar 

plane  runs  were  performed  from  “ (30°»0°)  to  ” 

(150°, 0°).  Both  r^E^  and  r^E0H  were  considered. 

The  relative  amplitudes  of  the  results  of  the  computer  runs 
for  r^Eg^  and  r^E^  are  shown  in  Figures  5-1,  5*2,  5*3»  and  5*4.  The 
absolute  value  of  the  boresight  response  shown  In  Figures  5*1  and  5*2 
is  the  same.  The  relative  amplitude  of  the  boresight  response  was 
scaled  down  in  Figure  5*2  so  that  the  family  of  curves  would  fit 
properly  on  the  given  grid. 

In  the  azimuth  ;;.ane,  r^Eg^  is  symmetric  about  the  boresight 

direction.  Therefore,  r^Eg^(90°i = rHEgH(90°, -^).  In  the  polar 

plane,  ruEou  is  also  symmetric  about  the  boresight  direction,  so  that 
H Wn 

rHE9H^9H’°  ^ = rHE9H^90  " 9H>0 

In  the  azimuth  plane,  r^E^  is  antisymmetric  about  the  bore- 
sight direction.  Therefore,  rHE^H(90O,^)  “ the 

polar  plane,  r^E^  is  also  antisymmetric  about  the  boresight  direction, 
so  that  rHE^{(9H,0o)  * -^(90°  - 0H,0°). 

5.2  AN  APPROXIMATE  CLOSED  FORM  SOLUTION  TO  REPRESENT 
THE  ILLUMINATION  OF  THE  EXIT  APERTURE 
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The  boresight  r^Eg^  response  of  the  approximate  eight-inch 
TEM  horn,  shown  at  the  bottom  of  Figure  5*1.  is  approximately  propor- 
tional to  the  derivative  of  the  gaussian  excitation  at  the  apex  of  the 
TEM  horn  if  the  small  positive  response  about  the  retarded  time  T = 
t - (ru/v)  = 1.25  nanoseconds  is  neglected.  Therefore,  an  approximate 
closed  form  solution  to  represent  the  theta  component  of  the  radia- 
tion in  the  boresight  direction  is 

rHE.3H  (5-2) 

for  gaussian  excitation 

f-fr A 2- 

V(t)=  ^ <«> 

at  the  apex.  K is  a constant. 

However,  Figures  5*1  and  5*2  show  additional  features  of  the 
ruEfllJ  component  of  the  radiation. 

1.  In  both  the  azimuth  and  polar  planes,  the  time  occurrence 
of  the  central  zero  crossing  progresses  away  from  the  time 
T ° 0.00  nanoseconds  in  the  boresight  direction. 

2.  There  is  considerable  stretching  of  the  response  in  time 
in  the  azimuth  plane  for  directions  away  from  boresight. 

3.  There  are  variations  in  the  amplitudes  of  the  response  in 
both  the  azimuth  and  polar  planes  for  directions  away 
from  boresight. 

Figures  5.3  and  5.^  show  the  component  of  the  radiation 

with  amplitudes  relative  to  the  r^Eg^  component.  The  amplitudes  shown 
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in  Figures  5*3  and  5*^  have  been  multiplied  by  100.  Therefore,  the 
maximum  value  of  r^^  over  the  angular  aperture  is  approximately  40 
db  down  from  the  maximum  value  of  r^E0H> 

To  determine  an  approximate  closed  form  solution  to  represent 
the  electric  far  fields  of  the  eight-inch  TEM  horn  over  the  exit  aper- 
ture of  the  paraboloid,  with  coordinates  r,^,z  as  shown  in  Figure  4.1, 
neglect  r^^  with  respect  to  rHEQH  and  suppose  that  rHEgH(r,^,t)  may 
be  written  as 


a £±-p(a 

?|  +-,t 

] 

fr0  4 

cri<  c ' 
v 1^? 

l2- 

K is  the  same  constant  as  in  equation  (5~2),  This  iorm  of  r^Eg^^r.^l  ,t ) 
involves  only  simple  functions  of  r and  £ and  allows  for  the  various 
characteristics  of  the  radiation  described  on  the  previous  page.  In 
equation  (5-4),  7^  Is  the  same  asT  in  equations  (5-2)  and  (5~3).  The 
five  parameters  a,b,c,d,  and  e will  now  be  determined  from  Figures  5.1 
and  5-2. 

Consider  first  Figure  5.2  (£  - 0,TT).  when  r ~ bf 2,  9^30° 
because  the  half-angular  aperture  of  the  paraboloid,? , is  about  60°. 

By  measuring  the  difference  in  time  between  central  zero  crossings 
at  « - 30°  and  9}i  - 90°,  (ud/2v)  - (55/32"  - I")x0.50nooc/M,  or 
(aD/2v)  - 0.359  nsec.  Since  L /'*  a « 0,177. 
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Consider  secondly  Figure  5*1  *iTT/2)  and  measure  the  differ- 

ence In  time  between  the  central  zero  crossings  at  0..  ■ 60°  and  0U  - 0°. 

Then  (bD/2v)  - (5/4"  - r')x0.50nsec/",  or  b ■ O.G6I5. 

Thirdly,  consider  again  Figure  5*1  and  measure  the  distances 
between  vu,e  maxima  of  the  response  at  0 - 60°  and  0 « 0°,  For  a 

n h 

gausslan  derivative  pulse  of  the  form 

the  distance  between  maxima  is  Then  (cD/2v)  =>  — V- 

tyi  - (53/32"  - 29/32 ")x0.50nsec/"  - 0.375  nsec,  or  - 0.265  nsec . 1 

'E-P  » 0.204  nsec.  Thus  c * 0.030. 

O o 

Next,  the  parameter  a is  found  from  Figure  5.1  by  measuring 

the  positive  maximum  amplitudes  at  0 « 60°  and  0 =»  0°.  ruEr.u(01,  “ 0°) 

n H H H 

is  proportional  to  l/'fc'  . which  is  proportional  to  13/32".  AI30, 

o 

rHS9H^H  “ ls  ProPorti°n*l  t0  l/ ( (1  ♦ ♦ (cD/2v))),  which 

is  proportional  to  9/32".  Solving  the  ratio  of  the  relative  amplitude 

at  0U  ■*  0°  to  the  relative  amplitude  at  0U  - 60°,  d - 0.110. 

n i 

Finally,  the  parameter  e is  found  fi’om  Figure  5.2  by  measuring  I 

| 

the  positive  maximum  amplitudes  at  9..  - 30°  and  9..  - 90°.  rltE„,.(9.,  » s 

H H H 9H  H i 

90°)  is  proportional  to  l/'t'  , which  ls  proportional  to  7/3 2".  Also,  J 

ft 

rHS0H(6H  “ 30  ) is  proportional  to  l/("V0(l  - e)),  which  ls  propor-  | 

tlonal  to  12/32".  Solving  the  ratio  of  the  relative  amplitude  at 
0U  - 90°  to  the  relative  amplitude  at  9U  » 30°,  e - 0.417. 

n rt 

To  summarize,  an  approximate  closed  form  solution  for  the 

rH^9H  comPonont  radla^ion  from  the  eight-inch  TEN  horn  ls 

60 


taken  as  equation  (5-4)  with  the  following  parameters t ^ «*  204  pico- 
seconds, D ■ 48",  a - 0.1?7,  b * O.C6I.5,  c “ 0.030,  d « 0.110,  and 
e - 0.417. 


5.3  THEORETICAL  RESULTS  FOR  CAUSSI AN-DERIVATIVE 
ILLUMINATION  OF  THE  EX I P A i FUTURE 
FOR  AN  ISOTROPIC  FEED 


In  this  section,  as  a first  order  approximation  to  the  electric 
far  fields  of  the  eight-inch  TEM  horn  over  the  exit  aperture  of  the 
paraboloid,  equation  (5-2)  Is  used  for  r^E^,  and  the  r^E^  component 
of  the  electric  far  field  of  the  eight-inch  horn  is  neglected  with 
respect  to  the  r E component.  That  is,  as  discussed  in  Section  4.4 
of  Chapter  4,  the  eight-inch  TEM  horn  is  considered  as  a point  source 
feed,  located  at  the  focus  of  the  paraboloid,  whose  angular  radiation 
pattern  is  isotropic  (gain  G(/V,^)  =»  1 ) or  is  at  least  constant  over 
the  solid  angle  subtended  by  the  paraboloid.  This  produces  an  exit 
aperture  illumination  which  varies  only  as  \/(^  . (See  Silver  ( 1965 s 
419).  The  isotropic  feed  Is  equivalent  to  Silver's  equation  (11)  on 
page  419  with  G (*Y,  ^ ) - 1.  ) 

In  Section  5.4,  the  illumination  used  will  be  a better  approx- 
imation to  the  actual  tapered  illumination  produced  by  the  eight-inch 
TEM  horn.  This  better  approximation  is  given  by  equation  (5-4)  and 
is  hereafter  identified  by  the  words  "tapered  illumination". 

ft}  cations  (C-92)  and  (C-93)  in  Appendix  G wore  then  programmed 
in  Fortran  for  execution  on  a digital  computer  using  equations  (4-28) 
and  (4-29)  in  Chapter  4.  The  relationship  between  V.  and  V'  is  given 

X 1a 
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by  equation  (C-68)  in  Appendix  C,  The  relationship  between  Vg  and 
is  given  by  equation  (C-69)  in  Appendix  C.  In  equations  (G— 68)  and 
(C-69),  the  retarded  time  T is  given  by  T » t ■ (li/v ) • The  spherical 
observation  coordinates  H,©,0  for  the  paraboloid  reflector/TEK  hox*n 
feed  antenna  system  are  indicated  in  Figure  4.1  of  Chapter  4.  a 
complete  description  and  listing  of  the  Fortran  program  utilizing 
equation  (5-2)  is  given  in  Section  E.l  of  Appendix  E» 

To  employ  equation  (5—2 ) for  numerical  computations,  the  value 
of  the  constant  ft  had  to  be  determined.  This  was  accomplished  as 
follows.  For  the  gaussian-derivative  form  given  by  equation  (5-2), 


the  maximum  value  of  rHS0H  is  given  by  • The 

gauasian  pulse  used  by  ftertins  et  al.  (1973)  had  a half-amplitude 
width  of  340  picoseconds.  Therefore,  for  this  pulse,  ^ 204  pico- 

seconds. Consider  now  Figure  2.?  in  Chapter  2.  From  Figure  2.7,  the 

positive  maximum  value  of  the  gaussian-derivative  response  is  ruE,,.  - 

ft 

-2 

4,088  x 10  . Therefore,  for  the  approximate  eight-inch  TEN  horn, 

-12 

K - 9.74  x 10  . This  value  of  ft  was  Included  in  the  theoretical 

numerical  program  to  compute  the  electric  far  fields  of  the  paraboloid 
reflector/TEM  horn  feed  antenna  system. 

The  responses  shown  in  subsequent  figures  in  this  chapter 
were  computed  for  the  paraboloid  rol'lector,  studied  by  Martins  et 
al.  (14?3),  with  f - 20.16**  and  D - 4 8”. 

The  theoretical  boreslght  response  of  the  antenna  system  for 
an  isotropic  feed,  RE0(fl*t)|^gj  _ £q°  0°)'  ia  sJl0Wn  1,1  Figuro  5.5. 
This  response  la  the  negative  second  derivative  of  tho  gausaian 
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Figure  5.5 


Boresight  RE0(R,t)  at  0 ■ 0°  for  the  System 
for  an  Isotropic  Feed 


excitation  applied  to  the  apex  of  the  TEK  horn.  The  gausslan  exci- 
tation was  assumed  to  have  unit  amplitude,  as  given  by  equation  (5-3). 
However,  as  discussed  in  Section  2.6  of  Chapter  2,  the  illumination 
function  of  the  TEH  horn,  f(c<,^3),  was  normalized  to  unity  for  conven- 
ience in  the  theoretical  numerical  computations.  The  actual  value' 
of  i'(t>C  , ) for  the  approximate  eight-inch  TEM  horn  was  shown  to  be 

5.62.  Therefore,  the  value  of  the  theoretical  amplitude  computed  in 
Figure  5*5  should  be  multiplied  by  5*62.  The  boreslght  response  shown 
in  Figure  5.5  is  the  theoretical  numerical  solution  of  equation  (4-42) 
in  Section  4.4  of  Chapter  4 for  the  paraboloid  studied  by  Martins  et 
al.  (1973). 

Figure  5.6  shows  the  relative  amplitudes  of  HS0(R,t)  ^ 3 Qo 
for  several  values  of  0.  The  boreslght  (0  *>  0°)  response  is  the 
same  as  that  shown  in  Figure  5.5*  In  directions  away  from  boreslght 
In  the  0 • 0°  plane,  the  response  of  the  system  cluinges  from  the 
negative  second  derivative  of  the  gausslan  excitation  applied  to  the 
apex  of  the  TEH  horn  to  a series  of  delayed  replicas  of  gausslan 
derivatives.  The  Centex*  of  the  response  In  directions  away  from 
boresisht  is  located  in  tine  at  the  center  of  the  negative  second 
derivative  response  in  the  boreslght  direction.  Also,  the  delayed 
gausslan  derivative  replicas  appear  to  emanate  SYor  opposite  edges 
of  the  exit  aperture  of  the  paraboloid. 

As  a check  cn  the  results  ahown  In  Figure  5-4.  at 

$ • 90°  wan  computed  for  the  sose  values  of  (0.  These  results  ar« 
Identical  to  those  shown  in  Figure  5.6. 
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5.4  THEORETICAL  AND  EXPERIMENTAL  RESULTS  FOR 
GAUSS IAN-DERIVATIVE  TAPERED  ILLUMINATION 
OF  THE  EXIT  APERTURE 


l 

t 


In  this  section,  equation  (5-4)  is  used  as  an  approximation 
to  the  electric  far  field  component  of  the  eight-inch  TEM  horn 

over  the  exit  aperture.  Also,  as  in  Section  5.3,  the  r^E^  component 
of  the  electric  far  field  of  the  eight-inch  horn  is  neglected  with 
respect  to  the  r„E_„  component. 

The  Fortran  computer  program  used  to  determine  the  theoretical 
responses  for  the  tapered  illumination  uses  the  same  equations  as 
those  discussed  In  Section  5.3,  except  that  equation  (5-4)  was  substi- 
tuted for  equation  (5-2).  A complete  description  and  listing  of  the 
Fortran  program  utilizing  equation  (5-4)  i3  given  in  Section  E.2  of 
Appendix  E. 

Figure  5*7  shows  the  theoretical  and  experimentally  measured 
boreslght  response  of  the  system,  that  is,  R£Q,(R,tJ  ^ ^ Qo y 
The  experimental  response,  obtained  by  Martins  et  al.  (1973i235),  was 
normalized  to  have  the  same  maximum  amplitude  as  the  theoretical 
response,  A discussion  of  the  absolute  amplitude  of  the  experimental 
response  is  reserved  for  Chapter  6,  Also,  as  discussed  in  Section 


5.3.  the  values  of  the  amplitudes  of  both  the  theoretical  and  experi- 
mental responses  shown  in  Figure  5.7  should  be  multiplied  by  5.62. 

The  asymmetry  of  the  experimental  response  in  Figure  5.7  is 
believed  to  be  due  to  the  asymmetry  of  the  experimental  gaussian- 
derlvative  fields  exciting  the  paraboloid  as  indicated  in  Figure  2,?. 
By  comparison  of  Figure  5.7  with  Figure  5.5,  the  effect  of  tapering 


06 


BDM  Pfii"?RBOLO I D/TRPERED  FEED — BORE SIGHT 

Experimental  Results  (Martins  et  al.,  1 97 3 1 2 35 ) 

■Theoretical  Results  from  Chernousov  Formulation  and  Computer  Runs 


"9°  T 1 3(  NANOSECONDS  ) 

Figure  5.? 

Boresight  RE0(Rft)  at  ^ = 0°  for  the  System 
with  Tapered  Illumination 


the  exciting  fields  in  3pace  and  time  over  the  exit  aperture  is  to 
reduce  the  bores ight  response  in  amplitude  and  to  smear  the  boresight 
response  in  time. 


for  HE^(R,t) 


Figures  5*8  and  5*9  show  the  theoretical  relative  responses 

o for  several  values  of  0 


0 a 0°  and  RB^(K»t) 


0 = 90 


respectively.  The  boresight  ((h)  = 0°)  response  for  the  system  is 
shown  to  be  the  same  in  both  Figures  $.Q  and  5*9,  as  expected.  This 
theoretical  boresight  response  is  the  same  a3  that  shown  in  Figure 


5-7. 

The  results  shown  in  Figure  5*8  indicate  that  the  maximum 
value  of  the  response  regresses  from  T'  =»  t - (r/v)  =>  3.70  nano- 
seconds in  the  boresight  direction  to  T*  * 3*00  nanoseconds  at  0 =* 

30°.  Analytical  attempts  were  made  to  demonstrate  this  regression 
in  closed  form,  but  they  proved  unsuccessful.  This  is  due  to  the  fact 
that  the  function  chosen  to  represent  the  r^Eg^  component  of  the 
electric  far  field  of  the  eight-inch  horn,  namely  equation  (5-4), 
involves  tapering  in  both  space  and  time.  Therefore,  the  time  function 
cannot  be  brought  outside  the  double  Integrals  which  represent  the 
far  fields  of  the  system  in  terms  of  the  fields  over  the  exit  aper- 
ture. Also,  the  sldelobe  structure  for  the  system  with  tapered 
Illumination  of  the  exit  aperture  is  more  complicated  than  for  the 
case  of  Illumination  by  an  isotropic  feed,  as  given  by  equation  (5-2), 

In  Figure  5*9,  the  time  regression  of  the  maximum  value  of 
the  response  from  the  boresight  (©•  0°)  direct  ion  to  the  0 - 30° 
direction  is  much  less  pronounced,  and  the  results  shown  in  Figure 
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5.9  are  not  identical  to  those  shown  in  Figure  5*8,  except  in  the 
boresight  direction.  These  effects  are  also  due  to  the  tapering  of 
the  illumination  of  the  exit  aperture  in  both  space  and  time. 


The  inability  to  arrive  at  simple  closed  form  solutions  to 
characterize  the  aidelobe  structure  of  the  antenna  system  could  be 
predicted  from  the  results  of  equation  (4-42)  in  Chapter  4,  That  is, 
equation  (4-42)  represents  the  boresight  response  of  the  system  for 
illumination  of  the  exit  aperture  by  an  isotropic  point  source  feed. 
Even  for  this  simple  case,  the  response  is  shown  to  be  of  the  form  of 
the  negative  time  derivative  of  the  fields  exciting  the  exit  aperture 
multiplied  by  double  integrals  in  space.  Since  the  inner  integrals 
are  similar  to  elliptic  integrals,  the  double  Integrals  could  not  be 
evaluated  in  closed  form.  In  directions  away  from  boresight,  the 
time  function  cannot  be  brought  outside  the  double  integrals  which 
represent  the  far  fields  of  the  system  in  terms  of  the  fields  over 
the  exit  aperture,  even  for  the  simple  case  of  illumination  of  the 
exit  aperture  by  an  isotropic  point  source  feed. 


Chapter  6 


CONCLUSIONS  AND  SUMMARY 
6.1  IIJTRODUCriON 

In  this  chapter  are  summarized  the  principal  theoretical 
results  obtained  in  this  thesis  and  comparisons  with  available  exper- 
imental data. 


6.2  COMPARISON  OP  THEORY  WITH  EXPERIMENT 

It  has  turned  out  to  be  impracticable  to  compare  the  various 
theoretical  results  derived  in  this  thesis  with  the  experimental  values 
obtained  by  Nirtins  et  al.  (1973 ) on  an  absolute  basis.  The  reason  is 
that  it  appears  that  further  work  is  necessary  to  render  self-consis- 
tent the  various  transmit  and  receive  measured  data  in  Martins*  work 
with  his  own  theory.  There  are  variations  as  large  as  four  to  one 
among  Martins'  theoretically  predict  -A  values  and  experimentally 
measured  values.  Also,  Martins  did  not  use  any  sensor  whose  abso- 
lute calibration  is  established  beyond  question.  Thus,  the  sensors 
used  by  Martins  have  not  been  calibrated  against  a "standard"  censor. 
The  Introduction  of  standards  in  time  domain  measurements  is  an  area 
which  needs  much  more  work. 

The  experimental  facilities  at  the  University  of  Vermont  are 
Inadequate  to  duplicate,  much  less  refine,  the  key  measurements  made 
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by  Partins,  Because  of  this,  and  because  of  the  large  degree  of  uncer- 
tainty concerning  the  absolute  values  as  established  by  Partins'  meas- 
urements, it  was  decided  to  be  Impractical  to  make  any  comparisons 
with  Martins  on  an  absolute  basis.  Also,  Susman  and  Lamensdorf  (19?0i 
42-44)  made  experimental  measurements  on  a relative  basis  only.  There- 
fore, necessarily,  all  comparisons  between  theory  and  experiment  have 
been  made  on  a relative  basis.  This  is  effected  by  normalizing  the 
experimental  bores ight  response  to  have  the  same  peak  value  as  the 
corresponding  theoretical  boresight  response.  Once  this  is  done,  the 
theoretical  and  experimental  curves  may  then  be  compared  with  respect 
to  shape,  slope,  relative  values  of  other  peaks,  zero  crossings,  etc. 

Figures  2.3,  2.4,  and  2.5  show  the  comparison  between  theo- 
retically computed  responses  and  experimentally  measured  responses 
for  the  three  TEP  horns  studied  experimentally  by  Susman  and  Lamens- 
uorf  (1570*42-44).  The  geometry  for  these  three  TEM  horns  is  shown 
in  Figure  2.1.  As  discussed  in  the  previous  paragraph,  the  experi- 
mental boresight  (0  • 0°)  response  was  normalized  to  have  the  same 
peak  value  as  the  theoretically  combed  response.  In  general, 

Figures  2*3,  2.4,  and  2.5  show  reasonable  agreement  between  theory 
and  experiment.  In  Figure  2.3,  spikes  appear  on  the  theoretical 
results  for  0 » 60°,  90°,  and  120°.  This  effect  is  believed  to  be 
due  to  the  approximation  of  the  TSX  horn  as  a set  of  three  radiating 
apertures  when  the  front  aperture  is  electrically  ssall,  that  is— 
when  the  electrical  dimensions  of  the  front  aperture  are  less  than 
or  comparable  with  the  exciting  waveform's  characteristic  time 
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dimensions.  (For  a more  detailed  discussion  see  pages  32  and  36.) 

This  spike  phenomenon  does  not  occur  in  directions  at  or  near  fore- 
sight, which  is  the  important  direction  for  the  paraboloid/horn  sys- 
tem. Also,  there  are  differences  in  the  dc  levels  of  the  theoretical 
and  experimental  responses  for  0 between  120°  and  180°.  This  effect 
is  believed  to  be  due  to  the  fact  that  Susman  and  Lamensdorf  (1970) 
established  the  experimental  zero  level  in  these  directions  to  be  the 
amplitude  of  the  positive  delayed  replica  response  when  this  amplitude 
was  small  and  not  noticeable  experimentally.  Finally,  for  0 between 
90°  and  180°,  the  experimental  responses  are  sheared  in  time  with 
respect  to  the  theoretically  computed  responses.  This  effect  has  not 
been  explained  theoretically. 

The  eight-inch  T2M  hom  studied  by  Martins  et  al.  (1973)  is 
shown  in  Figure  2.6.  This  horn  was  approximated  by  a horn  of  the  type 
shown  in  Figure  2,1,  and  the  approximation  is  discussed  in  Section 
2.5.  The  theoretical  and  experimental  results  for  the  eight-inch 
TEM  horn  are  shown  for  three  angular  directions  in  the  azimuth  plane 
in  Figures  2.7,  2.8,  and  2.9.  In  Figure  2,7,  the  experimental  boro- 
sight  response  was  normalized  to  have  the  same  peak  value  as  the  theo- 
retically computed  response.  This  scaling  factor  was  left  unchanged 
for  Figures  2.8  and  2.9.  Consider  first  Figure  2.7.  The  theoretical 
boresight  response  is  an  approximately  symmetric  derivative  of  the 
exciting  gauss ian  pulse  followed  by  a positive  replica  of  the  excU„..g 
pulse  retarded  by  the  round  trip  time  from  the  apex.  The  experi- 
mental response  is  a derivative-typo  radiation  of  the  exciting  gaussian 
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pulse  followed  by  a more  complicated  series  of  delayed  replicas  approx' 
imately  delayed  In  time  by  the  round  trip  time  from  the  apex.  The 
asymmetry  In  the  experimental  derivative  response  is  believed  to  be 
due  to  the  effect  of  the  rectangular  front  aperture  of  the  actual 
eight-inch  horn  shown  In  Figure  2.6.  This  effect  Is  discussed  in 
Section  2.6.  The  negative  going  experimental  pulses  located  near  the 
round  trip  time  from  the  apex  appear  to  be  due  to  the  theoretical 
neglect  of  the  finiteness  of  the  gap  at  the  apex.  Consider  secondly 
Figure  2.8.  Again,  the  experimental  asymmetry  of  the  gaussian  deriv- 
ative response  i3  evident.  Consider  finally  Figure  2.9.  This  figure 
shows  reasonable  agreement  between  theory  and  experiment  except  that 
the  experimentally  measured  response  is  relatively  flat  around  the 
retarded  time  O.jO  nanoseconds  for  a duration  of  approximately  300 
picoseconds.  Thus,  the  theoretically  computed  second  and  third 
delayed  replicas  are  displaced  in  time  fro*  the  experimentally  deter- 
mined second  and  third  delayed  replicas  by  approximately  300  pico- 
seconds. The  reason  for  the  experimental  flat  response  about  the 
retarded  time  0.50  nanoseconds  has  n-.t  been  resolved* 

Figure  5*?  shown  the  theoretical  and  experimental  boresight 
response  for  the  elsht-inch  TSK  horn  feeding  the  paraboloid  studied 
by  Karlins  et  *i.  (19?3).  The  paraboloid  trad  f «■  20.16“  and  0 - 48“. 
The  theoretical  response  was  computed  by  reducing  the  eight-inch 
horn  to  a point  source  feed  located  at  the  focus  of  the  paraboloid, 
using  the  geometrical  optics  approximation,  and  employing  equation 
(5-*»)  to  represent  tho  normalised  electric  far  fields  over  the  exit 
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aperture  of  the  paraboloid.  The  tochnique  of  reducing  the  eight-inch 
horn  to  an  approximate  point  source  radiator  is  discussed  in  Sections 
5.1  and  5.2.  In  Figure  $,7,  the  experimental  response  was  normalized 
to  have  the  same  peak  value  as  the  theoretical  response.  Reasonable 
agreement  between  theory  and  experiment  is  indicated.  The  asymmetry 
of  the  experimental  response  is  due  to  the  asymmetry  of  the  experi- 
mental gausslan  derivative  fields  exciting  the  paraboloid  as  indicated 
in  Figures  2.7  and  2.8* 

6.3  SUMMARY 

The  primary  objective  of  this  research  was  to  study  theoreti- 
cally, directly  in  the  time  domain,  the  electromagnetic  far  fields  of 
a paraboloid  reflector  fed  by  a TEK  horn.  This  antenna  system  is 
shown  in  Figure  1.1.  The  TSM  horn,  located  near  the  focus  of  the 
paraboloid,  is  excited  at  its  apex  by  a voltage  V(t).  The  TEM  horn 
consists  of  two  metallic  circular  sectors  separated  by  a small  gap 
at  the  apex  and  flared  apart  away  from  the  apex.  At  the  present  time, 
no  direct  tine  domain  models  exist  * *»  describe  the  radiation  of  the 
IS.’*,  hem  or  the  paraboloid  reflector horn  antenna  system  at  an 
arbitrary  observation  point  in  the  far  field. 

Specifically,  the  study  of  the  above  antenna  system  was 
acccapliohed  as  follows.  A general  theoretical  model  applicable  to 
aperture  antennas  of  any  type  excited  by  electromagnetic  fields  of 
any  fora  in  s$Ace  and  time  is  a set  of  tine  domain  integrals  which 
were  derived  by  Chemousov  (i$65).  The  electromagnetic  fieldo  over 

96 


a closed  surface  including  the  aperture  surface  must  be  known  (or 
guessed  at).  The  geometry  for  the  Chemousov  derivation  is  shown  in 
Figure  A.l,  and  the  complete  mathematical  details  of  the  Chernousov 
derivation  are  presented  in  Appendix  A.  The  resulting  equation  which 
describes  the  electric  far  fields  of  the  aperture  antenna  in  terms  of 
the  fields  exciting  the  aperture  is  equation  (A-102).  The  magnetic 
far  fields  are  related  to  the  electric  far  fields  by  the  simple 
relationship  (A-103). 

The  TEM  horn  of  the  type  studied  by  Susman  and  Lamensdorf 
(1970,1971)  is  shown  in  Figure  2.1.  As  discussed  in  Section  2.1, 
this  TEM  horn  was  approximated  by  a set  of  three  radiating  apertures. 
These  three  apertures  consist  of  a front  aperture  and  two  wedge- 
shaped  side  apertures.  The  horn  shown  in  Figure  2.1  was  assumed  to 
be  excited  at  its  apex  by  a voltage  V(t),  and  the  Chemousov  formu- 
lation was  applied  to  the  fields  existing  over  the  three  apertures. 
Complete  mathematical  details  of  the  application  of  the  Chernousov 
formulation  to  the  TEM  horn  are  furnished  in  Appendix  B.  The  result- 
ing expressions  for  the  components  of  the  electric  far  fields  of  the 
TEM  horn  are  given  by  equations  (B-89)  and  (B-90). 

Next,  approximate  closed  form  solutions  for  (B-89)  were  found 
in  the  asimuth  plane  of  the  TEM  horn  when  the  front  aperture  is 
electrically  small,  that  is--when  the  electrical  dimensions  of  the 
front  aperture  are  less  than  or  comparable  with  the  exciting  wave- 
form's characteristic  time  dimensions.  These  closed  form  solutions 
givo  engineering  insight  into  the  behavior  of  the  TEM  horn,  and  the 
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details  of  the  derivation  are  presented  in  Section  2«3->  Equation 
(2-26)  is  the  approximate  closed  form  solution  1 or  the  radiation  from 
the  TEM  horn  in  the  boresight  direction,  and  tt  is  repeated  below  for 
the  reader's  convenience. 


This  radiation  is  shown  to  be  a combination  of  two  forms  of  far  fields. 
The  first  terra  of  (6-1)  is  a field  which  1b  the  time  derivative  of  the 
excitation  at  the  apex.  The  second  and  third  terms  of  (6-1)  are  of 
the  form  of  delayed  replicas  of  the  excitation. 

Fro...  equations  (2-13)  and  (2-29),  the  approximate  closed  form 
solution  for  radiation  from  the  TEM  horn  in  the  backfire  direction  is 


This  radiation  is  also  a combination  of  two  forms  of  far  fields.  The 
first  term  of  (6-2)  is  a negative  time  derivative  of  the  excitation 
wnich  occurs  at  the  round  trip  time  from  the  apex.  The  second  and 
third  terras  of  (6-2)  are  of  the  form  of  delayed  replicas  of  the  exci- 
tation. The  ratio  of  the  amplitude  of  the  backfire  derivative  response 
to  the  boresight  derivative  response  le  minus  the  reflection  coef- 
ficient at  the  front  aperture  of  the  TEM  horn. 

From  equations  (2-9)  and  (2-30),  the  approximate  closed  fora 
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solution  for  directions  in  the  azimuth  plane  well  removed  from  bore- 


sight  and  backfire  for  the  TEM  horn  is 
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This  radiation  also  consists  of  two  forms.  One  form  is  a sum  of  three 
delayed  replicas  of  the  excitation  at  the  apex  of  the  TEM  horn.  The 
amplitude  and  time  occurrence  of  these  replicas  depend  upon  the  angu- 
lar direction  in  the  azimuth  plane.  The  other  form  is  a delayed  time 
derivative  of  the  excitation  at  the  apex  whose  amplitude  and  time 
occurrence  also  depend  upon  the  angular  direction  in  the  azimuth 
plane. 


Equations  (B-89)  and  (B-90)  were  then  programmed  in  Fortran 
for  execution  on  a digital  computer,  in  order  to  determine  numerically 
the  electric  far  fields  of  a given  TEM  horn  of  the  type  studied  by 
Suaman  and  Lamensdorf  (1970,1971).  The  comparison  of  theoretical  and 
experimental  results  for  the  three  TEM  horns  studied  experimentally 
by  Sussan  and  lamensdorf  is  presented  in  Figures  2.3,  2.4,  and  2. 3. 

In  general,  there  is  good  agreement  between  theory  and  experiment. 

A more  detailed  discussion  of  the  comparison  between  theory  and  exper- 
iment for  Figures  2,3,  2.4,  and  2.3  ia  given  in  Section  6.2. 


99 


The  eight-inch  TEM  horn,  studied  by  Martins  et.  al.  (1973)*  is 
shown  in  Figure  2.6.  This  horn  was  approximated  by  the  type  of  TEM 
horn  studied  by  Susman  and  Lamensdorf  (1970, 1971 ),  as  discussed  in 
Section  2,5,  Utilizing  the  Fortran  program  for  executing  equations 
(B-89)  and  (B-90)  on  a digital  computer,  the  theoretical  results  were 
compared  with  experimental  results  obtained  by  Martins  et  al,  (1973) 
as  shown  in  Figures  2.7,  2,8,  and  2,9,  In  general,  there  is  reason- 
able agreement  between  theory  and  experiment,  A more  detailed  dis- 
cussion of  Figures  2,7,  2.8,  and  2.9  is  given  in  Section  6,2. 

For  the  sak«  of  completeness,  the  theoretical  waveforms  of 
relative  amplitudes  vs.  time  of  the  approximate  eight-inch  TEM  horn 
electric  far  field  are  given  in  Figure  2.10  for  various  azimuthal 
directions. 

In  Chapter  3,  an  approximate  model  of  the  TEM  horn  is  con- 
sidered to  be  a section  of  - biconical  antenna.  The  vector  poten- 
tial formulation  is  then  used  to  determine  the  electric  far  fields 
of  the  biconical  section  in  term-  of  the  fields  arising  within  the 
antenna  region  due  to  the  excitation  7(t)  at  the  apex.  Approximate 
closed  form  solutions  for  the  electric  far  field  the  biconical  sec- 

tion in  the  azimuth  plane  are  also  found.  Equation  v3-3&)  is  the 
approximate  closed  form  solution  in  the  boresight  direction,  and  this 
equation  is  identical  to  equation  (6-1 ) obtained  using  the  aperture 
model  of  the  TEN  horn.  Equation  (3-38)  is  *he  approximate  closed 
fora  solution  in  the  backfire  direction  and  is  identical  .0  equation 
(6-2)  obtained  using  the  aperture  model.  Therefore,  in  the  boresight 
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and  backfire  directions,  the  vector  potential  approach  is  self-consis- 
tent with  the  results  obtained  by  the  aperture  approach.  In  directions 
well  removed  from  boresight  and  backfire,  the  vector  potential  approach 
produces  the  approximate  closed  form  solution  given  by  equation  (3-39). 
This  result  differs  from  the  closed  form  result  equation  (6-3)  obtained 
from  the  aperture  model  in  that  the  derivative  radiation  of  the  front 
aperture  given  in  equation  (6-3)  does  not  appear  in  (3—39 ) • As  dis- 
cussed in  Section  2.4,  the  superposition  of  the  derivative  radiation 
upon  the  delayed  replica  radiation  is  due  to  the  approximation  of  the 
TEH  horn  as  a structure  of  three  apertures  when  the  front  aperture  is 
electrically  very  small. 

In  Chapter  4,  the  electric  far  fields  of  a paraboloid  reflec- 
tor/point source  feed  antenna  system  are  found  in  terms  of  the  fields 
of  the  feed  over  the  exit  aperture  of  the  paraboloid.  This  was  accom- 
plished as  follows.  It  was  assumed  that  at  the  focus  of  the  paxab-  * 
oloid  there  exists  a spherical-wave  point  source  radiator  whose  elec- 
tric far  field  components  may  be  described  by  equations  (4-1)  and 
(4-2).  Next,  the  following  assumptions  were  madei  (l)  The  parab- 
oloid reflector  was  assumed  to  be  in  the  far  field  of  the  point  source 
feed,  (2)  The  reflector  was  assumed  to  be  sufficiently  smooth  to 
allow  the  application  of  the  plane  wave  boundary  conditions  at  the 
perfectly  conducting  surface,  (3)  The  geometrical  optica  approxi- 
mation was  invoked  to  afford  a one-to-one,  point-to-point  transfor- 
mation between  the  fields  at  the  paraboloid  surface  and  the  fields 
at  the  exit  aperture.  (4)  The  Chernouoov  (1965)  formulation  requires 
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a closed  aperture  surface.  In  keeping  with  common  practice,  this 
closed  surface  is  taken  as  a plane  containing  the  exit  aperture  of 
the  paraboloid  and  closed  at  infinity,  and  the  fields  over  the  non- 
aperture part  of  the  plane  axe  taken  as  approximately  zero  (Ramo 
and  Whlnnery,  1956 t 530, 532).  (5)  Edge  effects  at  the  exit  aperture 

are  not  considered.  The  Chernousov  formulation  was  then  applied  to 
find  the  electric  far  fields  of  the  paraboloid  reflector/point  source 
feed  antenna  system  in  terms  of  the  fields  existing  over  the  exit 
aperture.  The  excitation  used  is  described  by  equations  (4-1)  and 
(4-2).  The  complete  mathematical  details  of  the  application  of  the 
Chernousov  formulation  are  presented  in  Appendix  C.  The  resulting 
electric  far  fields  of  the  paraboloid  reflector/point  source  feed 
are  given  by  equations  (C-92)  and  (C-93). 

In  Section  4.4,  solutions  for  the  electric  far  fields  of  the 
paraboloid  reflector/point  source  feed  are  derived  for  the  case  when 
the  point  source  feed  has  an  angular  radiation  pattern  which  is  iso- 
tropic (gain  » 1)  or  is  at  least  constant  over  the  solid  angle  sub- 
tended by  the  paraboloid.  The  resulting  electric  far  fields  are  given 
for  the  boresight  direction  by  equations  (4-42)  and  (4-4-3),  These 
equations  show  that  the  form  of  the  boresight  fields  is  the  negative 
time  derivative  of  the  fields  exciting  the  exit  aperture. 

Chapter  5 presents  theoretical  and  experimental  results  for 
the  paraboloid  reflector/TEM  horn  feed  antenna  system  and  also  theo- 
retical results  for  a paraboloid  reflector  fed  by  an  isotropic  point 
source  feed.  Sections  5*1  and  5*2  present  the  method  of  reducing  the 
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eight-inch  TEM  horn  studied  by  Martins  et  al,  (1973)  to  a point  source 
feed  located  at  the  focus  of  the  paraboloid.  This  reduction  was  accom- 
plished as  follows.  First,  the  eight-inch  TEM  horn,  shown  in  Figure 
2.6,  was  approximated  by  a TEM  horn  of  the  type  studied  by  Susuan  and 
Laraen3dorf  (1970,1971),  shown  in  Figure  2,1.  Secondly,  for  unit 
amplitude  gaussian  excitation  at  the  apex  of  the  approximate  eight- 
inch  TEM  horn,  equations  (B-89)  and  (B— 90)  were  programmed  in  Fortran 
for  execution  on  a digital  computer.  These  equations  represent  the 
application  of  the  Chemousov  (1965)  formulation  to  the  TEM  horn, 
which  is  considered  as  a structure  of  three  apertures.  Computer  runs 
of  (B-89)  and  (B-90)  were  then  performed  to  characterize  the  fields 
of  the  eight-inch  TEM  horn  over  the  angular  aperture  of  the  48-inch 
paraboloid  with  f - 20.16**  studied  by  Martins  et  al.  (1973).  The 
results  of  the  computer  runs  in  both  the  azimuth  and  polar  planes  of 
the  horn  are  shown  in  Figures  5*1  through  5*4.  Thirdly,  from  the 
results  of  the  computer  runs,  an  approximate  closed  form  solution  for 
the  far  fields  of  the  TEM  horn  was  developed.  This  approximate  closed 
form  is  given  by  equation  (5-4) • By  inspection  of  Figures  5*1  and  5.2, 
the  various  parameters  involved  in  equation  (5*4)  were  determined. 

Section  5.3  presents  theoretical  results  for  the  48-inch  parab- 
oloid when  fed  by  an  Isotropic  point  source  feed  located  at  the  focus 
of  the  paraboloid.  The  electric  far  field  of  the  isotropic  point 
source  feed  was  taken  as  equation  (5-2),  and  equations  (C-92)  and 
(C-93)  were  programmed  in  Fortran  for  execution  on  a digital  com- 
puter. The  theoretical  results  of  the  computer  runs  for  the  isotropic 
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feed  are  shown  in  Figures  5«5  and  5,6 . Figure  5*5  is  the  theoretical 
numerical  solution  of  equation  (4-42)  for  the  46-inch  paraboloid. 
Since  the  far  field  of  the  isotropic  feed  was  assumed  to  be  gausslan 
derivative  in  time,  the  boresight  response  of  the  paraboloid  fed  by 
the  isotropic  feed  is  the  negative  of  the  second  gausaian  derivative 
in  time.  This  numerical  result  from  the  general  equation  (C-92) 
confirms  the  form  of  the  boresight  solution  given  by  equation  (4-42). 
Figure  5*6  shows  the  response  of  the  paraboloid  reflector  fed  by  an 
Isotropic  feed  on  boresight  and  for  several  directions  away  from  bore- 
sight. Away  from  boresight,  the  response  of  the  system  changes  from 
the  negative  second  gausslan  derivative  response  to  delayed  replicas 
of  the  gausslan  derivative  fields  exciting  the  exit  aperture.  These 
delayed  replicas  appear  to  emanate  from  diametrically  opposite  points 
of  the  exit  aperture. 

Section  5.4  presents  theoretical  and  experimental  results  for 
the  46-inch  paraboloid  reflector  when  excited  by  the  point  source 
approximation  of  the  eight-inch  TEH  horn  as  given  by  equation  (5-4). 
Computer  runs  were  performed  using  equations  (C-92)  and  (C-93),  as 
in  Section  5*3.  except  that  equation  (5*4)  was  utilised  rather  than 
equation  (5-2).  The  results  of  these  computer  runs  are  shown  in 
Figures  5*7#  5«8»  and  5»9.  Figure  5.7  shows  the  theoretically  com- 
puted and  experimentally  measured  boresight  response  of  tha  46-lnch 
paraboloid  reflector/eight-inch  TEH  horn  feed  system.  The  experi- 
mentally measured  response  was  normalised  to  have  the  same  maximum 
amplitude  as  the  theoretical  response.  Figure  5.7  indicates  good 
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relative  agreement  between  theory  and  experiment.  A more  detailed 
comparison  between  theory  and  experiment  is  given  in  Section  6.2.  The 
effect  of  tapering  the  fields  exciting  the  exit  aperture  in  both  space 
and  time,  as  indicated  by  comparison  of  Figure  5»?  with  Figure  5»5» 
is  to  reduce  the  boresight  response  in  amplitude  and  to  smear  the  bore- 
sight  response  in  time.  Figures  5»8  and  5»9  show  the  response  of  the 
48-inch  paraboloid  reflector/eight-inch  TEM  horn  feed  antenna  system 
on  boresight  and  for  several  directions  away  from  boresight  for  both 
components  of  the  electric  far  field  of  the  system.  The  theoretical 
boresight  response  shown  in  Figures  5*8  and  5.9  is  the  same,  as 
expected.  However,  in  directions  away  from  boresight,  the  response 
of  the  system  changes  from  a negative  second  gausslan  derivative 
response  to  a series  of  delayed  gaussian  derivative  replicas  which 
are  no  longer  symmetric  in  amplitude  or  time  with  respect  to  the 
boresight  response.  Thus,  the  sidelobe  structure  of  the  48- inch 
paraboloid  ref lector/ eight -inch  TEM  horn  feed  antenna  system  is  more 
complicated  than  the  sidelobe  structure  for  the  paraboloid  reflector 
fed  by  an  isotropic  point  source  feed,  as  shown  in  Figure  5»6*  This 
is  due  to  the  fact  that  the  electric  far  field  of  the  approximate 
point  source  TEM  horn,  as  given  by  equation  (5-4),  is  tapered  in  both 
space  and  time. 
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Appendix  A 


DERIVATION  OF  THE  CHSHNOUSOV  EQUATIONS 

The  purpose  of  this  appendix  is  to  fill  In  the  details  of  the 
derivation  of  the  equations  which  appear  In  the  terse  paper  by  Cher- 
nousov  (I965K 

The  general  theoretical  expressions  which  were  used  in  this 
research  are  a set  of  integrals  first  derived  by  Chernousov  (1965). 
These  integrals  axe  derived  directly  in  the  tine  domain.  They  describe 
the  electromagr  tic  fields  arising  from  a closed  aperture  surface  S 
in  a homogeneous  source-free  medium  excited  by  fields  of  any  form  In 
space  and  time.  The  fields  exciting  the  aperture  surface  must  be 
known  (or  guessed  at).  The  Kuygens-Kirchhoff  principle  is  used  in 
the  derivation — that  is,  the  electromagnetic  fields  arising  from  Sa 
axe  calculated  from  secondary  sources  at  the  antenna  surface  due  to 
the  boundary  conditions  there. 

The  derivation  of  the  basic  equations  parallels  the  development 
given  in  Jordan  and  Balmain  (l§&}i>i3~3i5,M}6-4fc9).  The  geometry  for 
the  problem  is  shown  in  Figure  A.l.  The  various  quantities  used  In 
the  derivation  are* 

r - the  vector  from  the  origin  to  the  surface  elesenl  ds, 

n,  the  outward  normal  to  ds, 

r,  the  vector  fire*  the  origin  to  the  observation  point  M(r), 


r°,  the  unit  vector  in  the  r direction, 

R,  the  vector  from  ds  to  M(r), 

R°,  the  unit  vector  in  the  R direction 
0^,  the  impedance  of  the  medium, 
the  permeability  of  the  medium, 

£ , the  permittivity  of  the  medium,  and 
v,  the  velocity  of  propagation  in  the  medium. 

Including  both  a fictitious  magnetic  current  M and  a fictitious 
magnetic  charge  density  as  well  as  an  electric  current  J and  an 
electric  charge  density  p,  Maxwell's  equations  would  be  written  as 
follows i* 


VxH  - D + cr 

(A-l) 

Vx  E = - 8 — M 

(A-2) 

V*E=  e/e 

(A-3) 

V » H = ^w/u. 

(A-M 

Define  the  total  electric  field  E as 

E=  Ee  + Em  <a-5) 


* A dot  over  a quantity  indicates  partial  differentiation 
with  respect  to  time.  Two  dots  indicate  second  partial  differentiation 
with  respect  to  time. 
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Define  the  total  magnetic  field  H as 


H = He  4-  H71'"  (a-6) 


Writing  Maxwell's  equations  for  magnetic  currents  and  charges  only, 


VxH1"  = eEw 

(a -7) 

Vx  - M 

(A-a) 

V-FT 

(A-9) 

V*  EV  = o 

(A-10) 

Writing  Maxwell's  equations  for  electric  currents  and  charges  only, 

Vx  He  = £ E + o~ 

(A-ll) 

Vx  E£  = -A te- 

(A-12) 

V-  He  = o 

(A-13) 

V*  Ee  = (o/e 

' / 

(A-14) 

First,  Maxwell's  equations  for  electric  charges  and  currents  only  are 

considered,  (A— 13 ) ia  satisfied  if  He  is  the  curl 
say  A„.  Therefore,  define 

C* 

of  some  vector, 

^hVVxae 

(A-15) 

Substituting  (A-15)  into  (A-12), 

Vx(e*+/5?3=o  «.« 
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(A-16)  is  satisfied  if  E®  + Ag  is  the  gradient  of  a scalar,  say  V. 
Therefore,  define 


(A-17) 


£eA~VV  ~Ag 

(A-ll)  and  (a-14)  may  now  be  used  to  derive  differential  equations  for 
the  potential  functions  Ag  and  V,  Substituting  (A-15)  and  (A-17)  into 
(A-ll)  yields 


VxVxAc=~eVV-eAE-h 


(A-18) 


JJL  v ''  v 'E 

Using  the  vector  identity 


VxVxAP  =W-ae  - V^.Ae  <a'19) 


In  (A-l8), 

A 


• • 


(A-20) 


V A -A->ceVY  -f  V V*  A g- 

(A-20)  is  one  of  the  differential  equations  for  Ag  and  V.  Substituting 
(A-17)  into  (A-14), 

/ > c-7  — / (A-21) 


V V + V*a£  -- 


/ 

(A-21)  is  the  other  differential  equation  for  Ag  and  V.  Equations 
(A-20)  and  (A-21 ) are  coupled— that  is,  they  both  involve  Ag  and  V. 
To  uncouple  them,  the  "electric'4  Loronta  gauge  condition  is  employed. 
According  to  this  condition,  set 


V.A^;=__X6y 


(A-22) 
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The  electric  Lorentz  gauge  condition  is  equivalent  to 


V= 


■Jv-  AecI1± 


Using  (A-22),  (A-20)  may  be  written  as 


(A-23) 


V Ae^>U6Ae=-^U  J 


(A-24) 


Using  (A-22)  in  (A-21), 


# » 


V V~ jj-eV ~ -p/<= 


(A-25) 


Equations  (A-24)  and  (A-25)  are  the  decoupled  set  for  A^  and  V.  The 
potential  function  which  solves  (A-24)  is  known  to  be 


AE(rj±)=^±J 

' — . 


(A-26) 


Ag(r,t)  may  be  shown  to  satisfy  (A-2b)  by  substitution.  V is  given 
in  terms  of  A by  (A-23). 

w 

Maxwell's  equations  for  magnetic  charges  and  currents  only  are 
now  considered.  (A-10)  will  be  satisfied  if  E?11  is  the  curl  of  some 
vector,  say  A . Therefore,  define 

n 


e Em  — —VxA^ 


(A-2? ) 


Substituting  (A-2?)  into  (A-?), 


yxCtp+A^o  (A-20) 

(A-28)  is  satisfied  if  }?*  ♦ A^  is  the  gradient  of  a scalar,  say  3*. 
Therefore,  let 
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(*-29) 


itw=-v?-ah 

(A-2 /)  and  (A-29)  satisfy  equations  (A-?)  and  (A-10).  (A-8)  and  (A-9) 

may  now  be  used  to  derive  differential  equations  for  the  potential 

functions  A„  and  Substituting  (A-2?)  and  (A-29)  into  (A-8), 
n 

- -fvxVx, A h - M (A'30) 

Using  the  vector  identity 

VxVxA^j  =VV-A^  -VlA"H  (A-3D 

in  (A-30), 

V A^~yU£Af4  — V V* A^j  (A-32) 

This  is  one  of  the  differential  equations  for  A^  and  3.  Substituting 
(A-29)  into  (A-9), 

+V*Ah  “ (A~33) 

This  is  the  other  differential  equation  for  Af{  and  3^.  (A-32)  and 

(A-33)  are  coupled — that  is,  they  both  involve  and  3*.  To  uncouple 
them,  the  “magnetic"  Lorenta  gauge  condition  is  employed.  According 
to  this  condition,  set 

V*  Ah  = -jse'3-  (*-» 

The  magnetic  Lorents  gauge  condition  is  equivalent  to 
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I 

) 


Using  the  gauge  condition  (A- 34),  (A— 32 ) may  be  written  as 

V^Ah  ~yU£  A(.I  = - £!i  (A-36) 

Using  (A-34)  in  (A-33), 

= -(y>  (A'37) 

(A-36)  and  (A-37)  are  the  decoupled  set  for  A and3~.  The  potential 

n 

function  which  solves  (A-36)  is  known  to  be 

A^(r}i) =^I*(r^-A6LLh  (we) 

A (r,t ) may  be  shown  to  satisfy  (A-36)  by  substitution.  3"  is  given 

ri 

in  terms  of  A„  by  (A-35)»  The  results  for  E(r,t)  and  H(r,t)  are 
n 

found  using  (A-5)  and  (A-6).  Adding  (A— 17 ) and  (A-27), 

E(f,  ±)  = -VV-  Ae  --L  (a-39) 

E(r,t)  may  be  written  entirely  in  terms  of  the  Integrals  defining  V, 

Ag,  and  A^,  Using  (A-23),  (A-26),  and  (A-28)  in  (A-39). 


E(r,jt) 


(A-40) 


K 


^ J("rs,±-  R /\s) 


~wWs^^t-A)  & 

The  limits  of  the  time  integral  in  (A-40)  may  be  explained  physically 
as  follows.  The  excitation  starts  at  time  t^  All  contributions 
from  da  are  then  Integrated  from  t ^ to  retarded  time  t - R/v  to 
account  for  the  finite  velocity  of  propagation,  v,  in  the  medium. 

It  is  understood  that  the  time  integral  is  zero  for  all  t - R/v 
less  than  t 

Adding  (A-15)  and  (A-29), 

H (r,  i:)— — V3^  — A ^ ■+  -j^\7xA  £ u-4i  ) 

H(r,t)  may  be  written  entirely  in  terms  of  the  integrals  defining  3~, 
Ag,  and  A^.  Using  (A-26),  (A-35)»  and  (A— 38)  in  (A-41), 
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(A-42) 


As  discussed  in  Jordan  and  Balmain  ( 1968 i 468-469 )»  for  a source-free 
aperture  surface,  the  equivalent  electric  current  J and  magnetic 
current  M are 

M(Ts;£-R/v)=  — nxE/V^jb-R/ir)  (a-<*3) 

axH(r5jf-R/r!)  (*-«) 

The  E and  H fields  used  in  (A-^3)  and  (A-W*)  are  the  excitation  fields 
which  illuminate  the  aperture  surface.  Using  (A-43)  and  (A-*i4)  in 
(A-40), 


(A-46) 


1 


"^4Tviso_R 


/ 

fern*- raIL  jc 


+ 


HTT 


vx|  CnMKriiAMiiis 


(A-45)  and  (A-46)  are  the  correct  versions  of  the  two  equations  given 
by  Chernousov  (1965«124?).  In  the  Chernousov  article,  E and  H are 
transposed  in  two  places.  The  subsequent  equations  in  the  Chernousov 


article  are  correct. 

k 

Let 


and 


H(rs,t-RA'>=H(«s;±-R/j-'lH°  c*-47) 


ll(fS;  ±-  R/v)  = E(r5>^A-)E°  (^8) 


Realizing  that  /£  - l/v2.  E(r,t)  may  be  written  as 

E Cr,  £) 

j x 

~ SIT 6 JSc]v5R  Ml 

- £ Vx[a  x E°E(rS;i- RA')]/R 

4-R/u* 

-VV-4-J  DtxF'HOI,±0]j8t/  Ms 

K J 


(A-49) 
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Let  a be  an  arbitrary  scalar  and  B an  arbitrary  vector.  Then 


Vx(a.B)  =VaXB  -HaVxB  U-50) 

Using  (A-50)  in  (A-49), 

_ £yx 

R. 

= €.  B^x  E Y <*.*> 

Let  A be  an  arbitrary  scalar  and  a be  an  arbitrary  vector.  Then 

$ 

W*  (A  a)  ~ VAV*  a,  -H  AV  V*  a 
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E(r,f) 


._! — £ I -L. 'PiL'sJ'z 

HTreJc  vaR  ^jfc 


+e[[^x  e°] 

1-fcAr  v 

- pUH°]  -v)  V^J  H ( rS;  p)  Mj 

2 

Using yU6  » 1/v  , (A-46)  may  be  written  as 


(A-56) 


H(r,±) 


— _j — X [_>_  r] 

4TT/1  Js  |\rJR  u 


+/lVx 


_ vL  xH°H(rs,f-R/ vV) 


R/\r 


*»  «V  U — > 

- W-  ~-J  [n.  X-  E°  I As  (*-57) 


Proa  (A- $0) 

/A7xfc  x H°  ii  W 


(A-58) 
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From  (A— '52 ) 

V V-ir  fox  E°  E(fs,f 0] Jr' 


t-R/v 

E ( C s , . 


Using  (A-58)  and  (A-59)  In  (A-5?)( 


H(ni') 


=^_4  j_ 

4TT>i  JsQ|vaR 


— (&.X  E°] 


-yu-  [pL  X h °]  y V ( J_ 


f- re- 


consider 


(a-59) 


■ PU'E“]-V K7 U-  |E(rs  lO<tt' ')  Mb  (*-60) 

lL  / \K^.;  /J 

= - 4_M'\^eSA1Rixf0] 

, V~R  **  -j-r*  . 

+p  x t:  j^)^4.p(  «t,  m ' ] <*-«> 


where  ? stay  be  either  £ or  M.  K°  is  the  unit  vector  in  t«e  V direction. 

/ yft-R/v  x KAr  J~Rhr 

1“  r)  U-te) 

\ xc  / °X‘  ®X7 


r?i'  o-vv  \ __  on~'T'° 

V ( K j-nR  R 


(A— 63 ) 
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af-R/tr 


F(rSjf')c4i'  = - ^ FOlj  t-  r/A 


X 

Using  (A-63)  and  (A-64),  (a-62)  nay  be  written  as 


(A-64) 


t-R/tf 


V l-~f  F(rsj'Wt ' = -^F(5>rA)-  -gFCr^tW'  C*-6s> 

Lot  a and  b be  two  arbitrary  vectors.  Let  A be  an  arbitrary  scalar 


function.  Then 


( JL-  •VXaA}  — coCirVA)  A ( X-  • V <0  ^A”66 ) 

To  employ  identity  (A-66),  let 

7L  -"R0  U-6?) 

,5r  ~ C^VX  P °J  (A~68) 


and 


with  A given  by  (A-&9), 


;£>  RAr 


(A-69) 
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'\7FYrr  4 o / \ — JL° 

V Ft  rS; t-  R/\r)  -■  v ^ 


b*Va  is  found  with  b **  nx?°  and  a - fl°. 


R 


R ___  — xOax  ~f 

gx-x^t  (^-^')a-+^-€,);i]l/: 

A t=- 


M. 

Sx 


^ - -h(x~x') 


R3 


(4W)x=[Rx  ?\f-  -[nxP]x|,  (x-xO 

The  expressions  for  {b«Va)^  and  (b«Va)K  are  similar  to  (A-7^). 
Therefore, 

J.VoC=F|d_  R bxF»].-R 


or 


!-vs  = 


A 


nx  F 


F°1 


R 


R_ 

R 


! axF°]>R 


\ 


Substituting  (A-63)f  (A-64),  and  (A-71)  into  (A-70), 
r7d  _ 

vFR 

1~  R/v 

+FE  ^44-  2Ef  Rrf.JtOif ' 


TT  RJ 

From  (A-77)  with  b * nxF°, 


(Jr-VA) 


-Rl . f a.  x 

iFR  *-  ^(4-  RAr) 


(A-71) 

(A-72) 

(A-73) 

(A-74) 

(A-75) 

(a-76) 


(A-77) 
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+ ^-*[^xF(rS)^~RXr' 


1-  KAr 


Ar-R-xf 

■ L J±: 


From  (A-?6)  with 


L \r  R 


hjp^ 

A±~RAr 


AfJ'W)  = - ^ X FRAfr- R/r)  _ rt  xh^^s^M' 

'ir  Rz  f?3 


+Sipxm,^-^yr  R' 

K A Jt-RAr 


+-HA 


-AJ-fl  • R° 


From  (A-78)  with  a ■*  R°, 


a (l  *VA)  R * (A°  [& 

\\ARl  y±-  Rat) 

— 

4-R°iffi*[rixP(r5,t-RA; 


/ ~o  pl-KAr 

Using  (A-79)  ?ft«i  (A-80),  (A-61 ) may  be  written  as 


•*  w 

I ^S,t-^v)|7  I I poL-o  f7\  W(i%,t-P/\r)l 

^Km-RM li* ^+vkR  R *Fym^rj 


12? 


irR3- 


R°» 


4 


xrF?' 


A r-/=- 

YlX 


F^t-RAA] 


4"j^j  3R°|  R' 


l 


K3 


ft-V*  1 

•pn-X" J FCfs^O  Jtt  _ 

*L 

■pt-R/v 

Axj  F(fsytOcHt' 

>1 1 . 


(A-81) 


The  first  two  terms  of  (A-81)  may  be  combined  using  the  following 
method. 


___  i 5Ffls,±-*/^ 


ift-R/v)  ^ 'J  U^R 


A =0 

uxF 


A^FQs^tigM 
X X±-rAi» 


But 


^R^t-RAr)  _ ^FfTS;t-RM 

i(t-Rlv) 

because  B i3  not  a function  of  time.  Therefore, 


first  two  terms 
Let  a,  8,  and  c be  arbitrary  vectors.  Then 


cix(lxc')  = X(a*c)  — cta.-Jr'i 


Let  a - R°,  b - R°,  and  c - hxFw.  Then 


- A, so 


T?°xp°x^ 


A 7=3o! 

rxx  r 


£nX F^+  R ^R* 


Substituting  (A-86)  into  (A-84), 


(A-82) 


(A— 83 ) 


= pj-f  R°  Ir°  .[ux  f]|  (*-») 


(A-85) 


(A-86) 
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1 


tr*R 


1 IT 

— '—  R x R x n x ~rrj — r- 

l raRL  L L ^±~&Ar) -!-JJ 


(A-37 ) 


Using  (A-87)  in  (A-81), 


1-Pv/tr 


V2R 


[n X F] +( [5 X f] V ft' 


irR 


“~r O p~~0  I XX 

_R  x [R  x^x 


Ffls .1-  Mr)  1 1 
y±-R/^) 


+=2C(r°.  [n  X R!5,*-Ra|  - 4e[«.  X F(rSjirRti 


t-RAr  t-R/ir 

^ <A'm> 


Consider  now  ^ p*j  yST7  j N'fs  jt>RA/)  , 

From  {A-6?),  \ / 

rl  x F>  Ffr*,*- ~ ^X  [n- X F?cl>R/u§  (a-q9) 

From  (A-?l), 

^^xVF(fS;4-RAr)= ^Rx [n x <*-*» 


Therefore, 


4-  -jx  % ° * ^ X F^;  t-  R/u-)]  (a-9i) 

Substituting  (A-88)  and  (A-91)  into  (A-56)  and  (A-60),  E(r,t)  and 
H(r,t)  may  be  written  everywhere  aa  follows. 


±-R/u-  t t-R/vr 


— xE(rs_)±-R/\r')]]  -Jb  (a-92) 
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Equations  (A-68)  and  (A-91)  are  non  examined  to  see  under  -hat 
conditions  1/B2  and  l/R3  terms  may  do  neglected  -1th  respect  to  l/B 


terms.  From  (A-91), 

_L  ^$>  -i-  Ftfs,±-R/vr>  (A-9I‘) 

V*  Xi-R/v)  ^ R 

From  (A-88),  1-R/v 

' 4 II  1 U'95) 

X'±-R/^  ^v-Rl'  1 Rf*( 

Keeping  only  terms  of  the  order  of  l/«  In  the  general  expressions  for 
E(r.t)  and  ff(J.t)  as  given  In  (A-92)  and  (*-93).  and  realising  that 
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v6  - 1 /f^  and  vyU-^,  E(r,t)  and  H(r,t)  may  bo  written  in  the  far 
field  as 


(A-96)  and  (A-9?)  may  be  simplified  further  by  replacing  R with  its 

approximate  value  in  the  far  field.  Jn  terms  of  r and  r , R is  given 

s 

by  by  R - r - r . Therefore, 

3 


Consider  finally  the  quantity  t - (ll/v ).  Le*  T - t - (r/v).  Then 


ir-  R/v  ^ T + f“’[L  (A-101) 
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Replacing  l/R  by  1/r,  and  neglecting  the  angle  between  R°  and  r°, 


(A-102)  is  the  central  equation  which  was  used  in  the  subsequent 
research. 

In  the  far  field,  H(r,t)  may  be  found  from  E(r,t)  by  the 
simple  relationship 

H ( r,  ±)  = j-  [f ' 0 X E(r;  £)] 
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Appendix  B 


DERIVATION  OP  THE  ELECTRIC  PAR  FIELDS  OF  THE 
SPERRY  RAND  TEM  HORN  ANTENNA  UTILIZING 
THE  CHERNOUSOV  METHOD 

B.l  INTRODUCTION 


This  appendix  presents  a detailed  mathematical  derivation  of 
the  electric  far  fields  of  the  TEM  horn  antenna,  shown  in  Figure  B.l, 
first  studied  experimentally  by  Susman  and  Lamensdorf  (1970,1971). 

This  TEM  horn  consists  of  two  perfectly  conducting  circular  sectors  of 
angle  0 and  radius  r separated  by  a small  gap  at  the  apex  and  by  a 
distance  2h  at  r'  • r . As  derived  in  Appendix  A,  the  equation  used 

a 


to  determine  the  electric  far  fields  is 


E(r,±)=  - 


r°Q 


>^[r  x [n  x Cr s^]  jjjb]  (B-i ) 


The  various  quantities  used  in  (3-1)  arei 

r . the  vector  from  the  origin  to  the  surface  element  da, 

s 

rw  the  outward  normal  to  ds, 

r,  the  vector  from  the  origin  to  the  observation  point, 

T,  the  retarded  time,  defined  by  T - t - r/v, 

r°,  the  unit  vector  In  the  r direction, 

v,  the  velocity  of  propagation  in  the  medium,  and 


^ , the  impedance  of  the  medium. 

Assume  that  in  the  region  between  the  two  metallic  wedges 
v comprising  the  TEM  hoi a 

[yCt—  r/v)-j-AvV(f+r/\r  -any(r)]  <m) 

That  is,  if  the  apex  is  excited  by  V(t),  the  E field  within  the  horn 
arises  from  a forward  propagating  voltage  V(t  - r'/v)  and  a reflected 
voltege  k V(t  + r'/v  - 2r  /v)  propagating  backward  from  the  front 
aperture  located  at  r‘  = r^.  ky  is  the  effective  voltage  reflection 


coefficient  determined  from 


iu,  — 


JL 


(B-3) 


V o 

2 ff  is  the  effective  terminating  impedance  of  the  front  aperture, 
and  Zq  is  the  characteristic  impedance  of  the  TS.M  horn.  f(c<,^3) 
is  the  function  which  describes  the  taper  of  the  E field  in  the  twr. 
angular  coordinates  and  (3  . Assuming  that  the  E and  H fields 
comprise  a TE.V  pair  propagating  in  the  free  space  which  fills  the 
TEM  horn, 

H(r ) i ) — ~ vV(i‘_r  v/f  ~ j (b- 

As  discussed  in  Chapter  2,  three  apertures  consisting  of  free  space 
are  consideredi 

1,  a front  aperture  which  Is  a spherical  sector  at  r'  - ra 

extending  from  to  °<  an(j  from  ^3  ~ ~ rb 

to  = (^©  > 

2.  a vedge-shaped  side  aperture  located  at  extending 
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from  r'  « 0 to  r'  ■ r and  from  X— o<0  to  oC~TT-'  0<o  , and 

cl 


3.  another  wedge-shaped  side  aperture  located  at 


?=-?• 


extending  from  r'  = 0 to  rf  “ r^  and  from  &C  — 0<Co  to 

oC  —TT—  o<Q  . 


B.2  RADIATION  FROM  TH£  FRONT  APkKTUHE 


Consider  first  the  front  aperture  located  at  r'  “ ra»  The 
spherical  source  coordinates  descibing  the  fields  at  the  various 
apertures  are  (r’,00^3).  The  spherical  observation  coordinates 
describing  the  radiated  fields  are  (r,9,0).  At  the  front  aperture 

A A / A , A A v 

YL  — r = CaCi ^ y.  OC  J^.(i  -f-  CcrO  o<C  ^ (3-5) 

— A / , a ^ -•  A i A 

r — r — >M/Y  “rC^rO  0 r£:  (3-6) 

'T"S  — rt  (3-7) 

Therefore, 

A A A/  A ^ , 

aixx  - r xo<  = P (3-«) 


Also, 


— _,Umv  X ~\~  Ctfvl  'Vy 
In  terms  of  the  spherical  coordinates  (r,9,0), 

A A - A 

X = ^Xuw.0  Q-KK0'  V'  - \.-diw0  0 

A / A a A 

— am.  it  Cs<i 0 A^v.p  0 -r  _0  p* 
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(3-9) 


(3-10) 

(3-11) 


(3-12) 


rv  _ A „ A 

~z~z  G r — * © © 


Therefore, 

(3>  = ft 

“h^  0^0  r-h^  p -H^s  (3^0  ft 

From  (B-13), 

[r  x[n  xxQ  — jrxpj  — — © c*r$  ft  ft 

Q^c^ftC&Qj^ftft  — C<s<>(i  <ZcG  ft  G 

Also, 

r-  & r~A  ^ / a v 

Ir  x[^x6JJ=  © x£-<*) 

In  terms  of  cartesian  coordinates  (x,y,z), 

A A , _ A ✓ A 

c<  ==  c<r$oCCa<>  p X 4 - <^*AuvJ3/i^ -- >u*vot  ^ 
Using  ( B— 1 0 ) . (3-11),  and  (3-12)  in  (B-l6), 


Jvvv.Gqj^^'  r*  -\  Ca^SCg&ftQ 

A ' , A 

c^cAl  ft  t C<r3  Cv,  (4-uv,  | i>  4-w<  0 V 

/■  ,,  r A 

0~C«r^X'^vA^6c<jO0A-A^0G  "i~  <r<r^  ft  0 


f /\  c' 

>*>a^0>£  Qjr*^  G f*  * 'r  0<.  ,-ivv-v,  © © 


The  next  quantity  which  must  be  found  la 


US 


1 


f ~ 


- [r  ■x£rx(-Sc')]_ 


"a  Ann 


|T  X ^ X 

Using  (B-17), 

r°xfr°  x[nxj2> 

Cr'l  f<  £“<3-0  (3  ^ 0f 

A 

~V  c^j<i  oc  ,4^j2>  c^Saa^0 0 
~f  C3-00.: . tu^(3> 


FVora  (9-2),  at  the  front  aperture  at  r*  - r , 


fj  i)  ~^fX?I(l  + KK*  - X) 


Also,  froa  (B-k)  at  the  front  aperture, 

0 L 


H - vv 


Froa  ( 9-0 ) ana  (3-7), 


(r°#  vTs)p 


~ i sj^j  kUa\  &C  f-*  «w.tw< r ^ ^n”0  0 

4-  4(*v  of  CX-f  t-vA»  0 

$ 

curbs') 
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(B-18) 


(B-19) 


(B-20) 


(3-21) 


(3-22  ) 


J 


Define 


Also,  at  the  front  aperture 


cSU  = Va 


CL 


Ap< 


(B-23) 


(B-24) 


Using  (B-14),  (B-19),  (B-20),  (B-21),  and  (B-23)  in  (B-i),  rE0front(r,t) 
and  r®0front(r» t ) may  written  as  follows. 
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r /p(3, 

L 

AfT ! -r/o(pi 

^|  i~Avj  Co<i 

~”  (j  ~-A v)  0|  c^oOwd  | fcy  pV^JUi  j3 


~P° 


~h  ( I — J^j  Cro^j  J ^.•^<^^-‘1a',v“c^  -|V 


1 v i ■' 1 vj  "■ 

The  functions  K^/^'.)  and  |3Q  are  discussed  in  the  fourth  section  of 


this  appendix. 


3.3  RADIATION  FROM  THE  ^EUCE-3HAfED  SIDE  APERTURES 


Consider  now  the  two  wedge-shaped  side  apertures.  Let  them 
be  designated  by  the  subscripts  1 and  2 respectively.  The  wedge 
located  at^3~^0  is  a surface  of  constant  |3  with 


The  second  wedge  located  at  is  a surface  of  constant  ^3  with 


1M 


I 


/\  A 

nA  = - (3, 


Also, 


fg  | ~ ^Jv\.o^c^ropoX  ~\~  C$<\oC 


(B-28) 


(B-29) 


^ A 

rS^r  .Au'uX^tT <i^)X  vAaa'v.XA^w-  |^>o  Ctf&oC.  "~2gJ 

From  ( B-2 ) , at  the  first  wedge  aperture 

rXrWcH  fa  - aV4 


l-t  W|(r;jB=  r^-AvVft+pf  ~ ar^_ 


Several  cross  products  must  now  be  determined. 


A a 

n^x^Cy 


A A 
(30XC<y 


where 


A p 

(S  — -~=^- 
1 > 

A A A A 

'W.jXPi  — (*o  * (^o  “ 


= o 


Therefore,  to  find  the  far  field  radiation  due  to  the  first  wedge- 
ohaped  aide  aperture,  W^,  GJ  must  be  determined.  In 

terras  of  cartesian  coordinates  (x,y,a), 
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— rSl  — •— Cj<3> (30VX  <"'r^cx:'  ^ 

A 

Using  (B-36).  (B-10),  (B-ll),  and  (B-i2),-ts1  may  be  written  as 

A ✓ ^ ^ A 

— . rs  ^ -*^-xaa-  © ^<3<^  0 

A 

sA^m~c^Co<\^jc>  A^t<x  0 (3 

(30  -AWv,  0 0 

, , ,.  A 

— ^Sa.^a^ a ^o  >w-G>wa,  0 p 

— -^o  0^A^aa-^(  ©■ 

/ ' , A 

.^A^£>4AA^(i>0  0 0 

A , A 

— (^>^<^5^0  P ^C^pCa^-Q  © 


(b-36) 


Therefore, 


r°x[vl1x^j=  rx(-n&1') 

— — -Avia.  c<  GjO  (3  o Ca-A  0 <-<rO  0 0 

/ r y *A 

* >4h//u  o£  Po  £5  O' 

— >^a  o<  ,4^  /30  <^3 

A 

-f-  ^AAV  C"(  AUA-i-’o  © 

. ' a. 

T"  <-<r0  © p 
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1 


From  (B-6)  and  (B-29)» 


r°-  tsv  — 

Cj4  0<G)<>Q)  P' 


Define 


v.  / a AvFt  - r At  + 

V3  — 77=  7T~ 


;o.  rs- 


4 [T-  r/vr  + r7 


I A . MIX  + r/v-  - 3-ta/r  - j (BJk 

~ 4T + rA  ~ *r«A  + 7!iIL7 

At  the  wedge  aperture  W^, 

(JLsw.  — r'cir'loC 

Using  (B-31).  (B-38).  and  (3-40)  In  (B-l).  rE^^Cr.t)  and  rE^^r.t) 
may  be  written  as  follows. 


X'°’  rs 
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rE(z>w((r ,£-) 


r~  TT-*',, 

— 0 ^ &J  f'tonX typtj fyv^lr&cK 


TT-^o 


J 

<*o  O 


/?  r 

— j-  C<y$  Qm*a.  0ju*\  pjf  J3 ,ama-  ^ p^V^r  c^j>< 


JJ 

O 


TT-C^0 


A. 


(B-43) 


-A^eJ 

The  function  0^  is  discussed  in  the  fourth  section  of  this  appendix. 
Consider  now  the  second  wedge  aperture,  W2»  From  (B-2), 

Ew ,{r,±)=  ^^fP-CYff-r/^+ivV^+r^-^)]  cb-wo 


Also,  from  (3-4), 


H wa(r; Jb)  - ■ V (fc-'Tv)  K^fc+r/v 


'X-'J- 

Again,  several  cross  products  must  nc^  be  found. 

A A A A ^ 


'Vt 


^ X '^oX^  — 


(3-46) 


where 


A 

3^  =•  JCg.a.- 

r* 


(3-4? ) 
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I 


A a A A 

*(3oy  ^ O (B-4Q) 

Therefore,  to  find  the  far  field  radiation  due  to  the  second  wedge 
aperture,  ^Jf^X  mus-t  be  determined.  In  terms  of 

cartesian  coordinates  (x#y,z), 

X ~f-  Ccr^oC  '•£  (3-49) 

Using  (B— 10),  (B-ll),  and  (B-12)  in  (B-49),  xi  may  be  written  as 
A 


A A 

— r QoQt60C<tQ0  0 

— .(/.  Co6  fo  0 ~ ^d^vU>C  |3  Q t~ 

" ”vAa'A/(X  Casy\J~>q  0 Q o <—50^0  ^5  pf 

i A / A 

i Co<6 &C  Co'Q  © r ' — c^rOO(^vu  0 0 (B- 


[f”*[V  *J]=  f X fSl 

A - / A 

^Ai#^lX<krd  paQ&Oc<T<6$  0 ^.AiW><<^^p0  A*-w.p  Q 

t A A 

— Au*-  oC^ma.  fi0  0 ~\~Ava-  (X/  -d*vu  ^ QrCs  p 0 

, A 


i 


Prom  (B-6)  and  (B-30), 


r°*  Ts^  — <^oO (3^  s&oa-  G Ga<>(fi 

r'  (B-52) 


Define 


Vs  — 


, AvCt-t/v  +jz!6^ 
4[T-r>-  -4-  r^rs j 

14,  4vLt+  r/v  -an, 

+-*v  ,r-^~Z7T~  it 


i-  rv  ““ ^FJ  r°*r§i1 

1 1 ^VLT-t-  r/y  -ara/j-+"srj 

v 4[t  + r/.v -an/r+r^i 

At  the  wedge  aperture  tf2» 

^5u/i  " 

Also,  from  considerations  of  symmetry 


(B-53) 


(3-5*0 


(3-55) 


Using  (B-51).  and  (b-53)  in  '3-2),  rEQ,^(r,t)  and  rE^  (r,t) 

may  be  written  as  follows. 


rEsw3(f;±') 


T t-<k'o  ra 

/r\  /A  ’ t*. 


|>UA\0< 

TT-f^  tx-c)  O — 'v 

Ccn30  W|3  f jf  J^,C< p j) \/ Ir ^ V (li  56) 
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r E^w  2C'o±') 


\ r w- 


TT-^c 


<^0  o 


■-{—  Qy&  O A<^0^4^vv  ^ | 
Tr-ar, 


c#'  J 

<3  0 


-|(ky  fyv^dr  /JU 


f ^o  p- 

■t~>^  of  J «^rO oS-jj'foCj (^ V3  Jlr 'c^Ul  1 

*L  J 


(B-5?) 


The  function  0^  is  discussed  in  the  following  section  of  this  appendix. 

o.4  LIMITS  OF  INTEGRATION 

The  purpose  of  this  section  is  to  determine  the  limits  of 
Integration  oSa(p) , (30  , and  0CQ  in  terms  of  the  easily  measured  TEM 
horn  parameters  0q  and  Qq  shown  in  Figure  B.l.  Consider  now  the 
coordinate  systems  shown  in  Figure  B.2.  The  x"y"z"  system  is  a 
right-handed  cartesian  system.  The  ’v's*  system  is  also  a right- 
handed  cartesian  system  obtained  by  rotating  the  x"y'*s*'  system  through 
a clockwise  angle  1$  from  the  s**  axis  in  the  x“z"  plane. 


y'~  OM  = OPe.raCs-t-'b) 
= OM ' — OP^(X+-‘b'l 


i4a 


(B-59) 


4 


Therefore, 


OP<i7<Sc^~OP-^.?^vV  (B-60) 

Z = OPCc7<l  ^^dtv'-X'4“OP>i^vL.^Ci)^Y  (B-61J 

But 

X"  = OM"=  OPc<*jS  (E-62 ) 

and 

z"-  ON"  = OP-WS  (B-63) 


Conalder  one  wedge  of  the  TEN  horn  lying  in  the  x”y"  plane  and  sys- 
aetrlc  about  the  x”  axl3.  The  equation  of  the  circle  describing  the 
outer  edge  of  this  wedge  of  the  TEN  horn  in  double-priaed  coordinates 
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is  given  by 


\ 


H a.  . n a _a. 

i 


x +t  = 


(b-66) 


Using  coordinate  transformations  (B-65),  (B-66)  may  be  expressed  as 


/3»  ' 


(B-6?) 


But  on  the  surface  of  the  sphere  including  the  front  aperture  located 


at  r*  = ra, 


X 1 — 

XjJ  — 

*2  ~ fa,  Ccr<>oC 


(B~68) 

(>69) 

(B-70) 


In  order  to  determine  o(c(j^to(  as  a function  of  (3  and  X oust  be 
found.  Using  (3-68),  (B-69),  and  (B-?0)  in  (3-6(0, 

* (2.  cer^  V + 3.  f 

“V*  X-&VW-.  ^ = V~cc  ^3-71) 

2 2 

After  several  manipulations  utilizing  the  identity  sin  x ♦ cos  x • 1, 


(3-71 ) reduces  to 

^A/aV-0>C  Cord 


Cord  £*>■ 


C<r&)$) 


1 


o 


v>?2) 


or 


£Xf  - — "£ouw 


(S-73) 


i51 


I 


In  polar  coordinates  In  the  double-primed  coordinate  system, 

w//£  £ 2L  // 

X — 0 


Also, 


<\j^  “ — r\  aa-vu 

Therefore,  using  (B-?4)  and  (3-75)  in  (B-66) 

C<rO^0  = i 


From  (3-73), 


' , _ £*fcV 

X<UVL  <K 


t2,  Y 


Substituting  (B-77)  in  (3-76), 


3 V 

CaQ'0 


| 


(0^/i  + cJZ  aV  ) 

Solving  (o-?8)  for  cqs^, 

r Aa/?  Os^0,! 

f3  t -i,  (±=ls&1sL± 

Considering  (3  to  be  a positive  angle  between  0 and  TT, 


— !l 


r 


A = CcrO 


CcrO  0 


// 


j -k.  vJlT*  c ^ *"0  ) 

1 ^ Coft^  V 


.j 


Finally, o<  is  found  as  a function  of  0M  and  V . From  (3-73), 


fi 


•i A- A 
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(3-74) 


(3-75) 


(3-76) 


(3-7?) 


(B-78) 


(3-79) 


(3-60) 


l 3-61 ) 


Using  (B-til)  In  (b-76), 

(| -cj&C  cJt  V)  ~ \ 


(B-82) 


Solving  (B-82)  for  cos  oC, 


Co~C  ^oC  -- 


<*V' 


I H-  V 


(B-83) 


Therefore, 


0^  — 


j2z<L^ 


n \ 


(3-84) 


J T+c^^f 

Referring  to  Figures  B.l  and  B.2,  at  the  upper  wedge  of  the  TEM  horn, 


V = 


TT 


a 


(3-85) 


The  limits  of  integrate..  0<fo(fl\  (i  , and^may  then  be  written  as 

t ' 

follows.  Using  (3-85)  In  (3-73). 


*-  -I 


' e. 


UX7<1 


£5 


(B-c6) 


Referring  again  to  Figures  3.1  and  3.2,  the  ^init  o’  0 is  ><0/2« 
Therefore,  using  (3-85/  ln 

f j^aC0./al  I 

(l~  ^(o.k))  i 


- i! 


(30  zz  C<rC  | 


(3-87) 


w"  a« 

, 

and,  t^Ing  U-»5)  in  U-b4j, 

„ -'*/  fW('a<vC)  \ 

= i vkI  ! -----  -----  • •-  0 - ••  - - ■ 


0< 


o 


\n  ~ 


i i 

* 
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3.5  SUMMARY 


The  total  electric  far  fields  of  the  TEM  horn  are  due  to  the 
sum  of  the  radiation  from  the  front  aperture  and  the  wedge-shaped  side 
apertures.  The  theta  component  is  the  sum  of  (B-25),  (B-^2),  and  (B-56). 
Therefore, 


rE0(v=,±) 


p ^ TT~  <,(£) 

"K  I Q (i  f 


and  V,‘  are  gW®  by  (B-23).  (B-40).  and  (B-53)  respectively. 
The  Umltso^  and  {30  are  given  by  (B-86)  and  (B-b7)  respectively. 

The  phi  component  Is  the  sum  of  (3-26).  (8-43).  and  (3-57).  Therefore, 


f f ^ / 

-|^p^V3(S.rci« 


°<n  O 


TT-O^q  r—  — v 

a o'a.  j 

4- >vu  9 1 I c^ro<x:  4fc;  fO  V 3 c5.r  '<jpc  > 

°^o  ^ 


The  liisito<Q  Is  given  by  (3-88). 
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Appendix  C 


DERIVATION  OF  THE  ELECTRIC  FAR  FIELDS  OF  THE 
PARABOLOID  REFLECTOR /POINT  SOURCE  FEED 
UTILIZING  THE  CHSRNOUSOV  METHOD 

C. 1 INTRODUCTION 

In  this  appendix,  the  Chernousov  (1965)  formulation  is  used  to 
derive  the  transient  electric  far  fields  of  a paraboloid  reflector  fed 
by  a transient  TEM  spherical -wave  point  source  located  at  the  focus  of 
the  paraboloid.  The  reflector  is  assumed  to  be  perfectly  conducting, 
to  be  in  the  far  field  of  the  feed,  and  to  be  sufficiently  smooth  to 
allow  application  of  the  plane  wave  boundary  conditions  at  the  reflector 
surface. 

The  geometrical  optics  approximation  is  invoked  to  allow  a 
one-to-one,  point-to-point  transformation  of  the  fields  emanating  from 
the  focus  to  the  fields  at  the  exit  aperture.  The  electric  far  fields 
of  the  paraboloid  reflector/point  so  rce  system  are  then  formulated  in 
terms  of  the  fields  existing  at  the  exit  aperture. 

Four  coordinate  systems  are  used  in  the  derivation.  These 
systems  are  shown  in  Figure  C.l.  To  describe  the  relation  of  the 
point  source  feed  pattern  to  the  reflector  surface,  u cartesian 
coordinate  system  x,y,z  and  a spherical  system  (3,  V,  ^ are  used.  The 
focus  of  the  paraboloid,  0,  is  located  at  the  origin  of  the  cartesian 


X 


D *=  exit  aperture  diameter 
M = observation  point 
OF  - f “ length 

z m center  of  exit  aperture 
3;  * half -angular  aperture 
B “IT-  0 


Figure  C*1 

Geoaetry  for  the  Paraboloid  Heflector/iolnt  Source  Feed 
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system,  and  the  z-axis  is  the  axis  of  revolution  of  the  paraboloid.  To 
describe  the  observation  point  in  the  far  field  of  the  antenna  system, 
a spherical  coordinate  system  R,Q,0  is  used.  The  origin  of  this  system 
is  at  the  origin  of  the  x,y,z  system.  To  describe  the  distribution 
of  fields  over  the  exit  aperture,  a polar  system  r,^T,z  is  used.  The 
r,^  plane  is  parallel  to  the  x,y  plane,  and  the  origin  is  located  at 
the  focus  of  the  paraboloid. 

C.2  THE  GENERAL  FORM  OF  THE  FAR  FIELDS  ARISING 
FROM  THE  POINT  SOURCE  AT  THE  FOCUS 


Assume  that  at  the  focus  of  the  paraboloid,  located  at  0,  there 
exists  a spherical-wave  point  source  described  by  the  following  radiated 
S and  H fields.  It  is  assumed  that  the  paraboloid  reflector  is  in  the 
far  field  of  the  point  source.  That  is,  the  E-fleld  components  of  the 


radiation  from  the  point  source  may  be  described  as 


(C-l) 
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and 


where  is  the  impedance  of  the  medium. 

Functions  Vj  and  V2  nay  apply  to  any  feed  for  the  paraboloid 
reflector  uhich  Is  approximated  by  a transient  (or  c«)  spherioal-vaye 
point  source  located  at  the  focus. 

C.3  GENERAL  GEOMETRICAL  PROPERTIES 
OF  THE  PARABOLOID  REFLECTOR 


The  vertex  of  the  paraboloid  is  located  at  (x,y, 
The  axis  of  revolution  of  the  paraboloid  is  the  2-axis. 

z)  » (0,0, F). 
The  equation 

of  the  paraboloid  is 

^ = L'f  (-$■  ~ ^ 

(c-5) 

as  given  in  Collin  and  Zucker  (1969 >39). 

yith  respect  to  the  spherical  source  coordinate  system, 

X = C<jO  'j? 

(C-6) 

(C-?) 

^ = (O  Co^  V 

(c-a) 

Substituting  (C-6),  (C-7 ),  and  (C-b)  into  (C-5). 

n 3jS  

1 1 4- 

(C-9) 
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(C-9)  is  also  given  in  Collin  and  Zucker  (1969*39)*  However, 


(C— 10) 


Therefore, 


(°  = ^ 


(C-ll) 


To  determine  the  unit  normal  to  the  paraboloid  surface,  n^,  in  the 
spherical  system,  the  gradient  of  the  equation  of  the  surface 


(C-12) 


is  taken  and  then  properly  normalized.  For  a scalar  function  g, 

+ A-4  + 5 ? (c-12) 

Therefore, 

Cf  - 

>«» 

| VB-  - 1 +-^1  ^ -I  (OIM 


= coo1 


Therefore, 

Wa  = - 'V-  • — = 

I Co-0  2P 

2. 

Substituting  (C-13)  into  (C-l6), 
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(C-l?)  is  also  given  in  Collin  and  Zucker  (1969*39)* 

To  determine  the  relationship  between  the  focal  length  f,  the 
exit  aperture  diameter  D,  and  the  half-angular  aperture  eq  :atlon 
( C— 11 ) is  used.  The  various  quantities  used  in  this  derivation  are 


indicated  in  Figure  C.l.  At  the  edge  of  the  reflector, 


(C-18) 


From  (C-U), 

cacl.  = JL 

oL  ("o 

From  (C-18), 

fo  D 

Therefore,  substituting  (C-20)  into  vO-19), 


(C-19) 


(C-20) 


(0-21) 


Solving  ( C-2 1 } for  cos  'X, 


C<r3  X - G 


(0-22 ) 


sQ, p,  and  several  trigonometric  functions  of  V are  also  determined 
in  terms  of  the  exit  aperture  coordinates  ,z. 


X ^ + 'll 


(c-23) 
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When  z » zqI 


a. 

r = 


D \a_  Da 

a ) ~~  H 


(C-24) 


Substituting  (C-23)  and  (C-24)  into  (C-5), 


(c-25) 

or 

_ otcCVD)1-  G 
16  ($/[» 

(C-26) 

Substituting  (C-23)  into  (c-5)  and  solving  for  z, 

2=^(1-^) 

(C-2?) 

But 

= 2a  + ra 

(C-2b) 

Substituting  (C-27)  into  (C-26)  and  solving  for 

P = t + ijjx) 

(C-29) 

As  shown  in  Fi gure  C.l, 

CcKi  Y — 

o 

t 

o 

(C-31) 

Using  (C-2?)  and  (C-29)  In  (C-)0), 

f ~***  p-  ^ ~ 1 

cooY  = p . ^ 

L1 

(C-32) 

163 


The  derivation  In  this  se-'^c,  utilizes  four  &ssuraptlons» 

1.  The  reflected  fields  at  the  paraboloid  surface  are  found  by 
applying  plane  wave  boundary  <.  auditions. 

2,  The  geometrical  optics  approxlftr.  lion  is  invoked  to  afford 
a one-to-one,  point-to-point  tians-'ormatior.  between  the 
fields  at  the  paraboloid  surface  and  the  fields  t the  exit 
aperture. 


l&i 


i 


3.  The  Chernousov  formulation  requires  a closed  surface  S . In 
keeping  with  common  practice,  S is  taken  as  a plane  con- 

a 

taining  the  exit  aperture  and  closed  at  infinity,  and  the 
fields  over  the  non-aperture  part  of  the  plane  are  taken  as 
approximately  zero  (Ramo  and  Whinnery,  1 95^1 530, 332 ). 
k,  Edge  effects  at  the  exit  aperture  are  not  considered. 

The  plane  wave  boundary  conditions  for  the  electric  fields  at  the 
paraboloid  surface  are 


and 


A A A A 
n x e « -n  x e. 

p r pi 

A A A A 

n * e a n • e, 

p r pi 


(C-38) 


(C-39) 


where  'e,  and  e*  are  unit  vectors  in  the  direction  of  the  Incident  and 
1 r 

reflected  electric  fields  respectively,  n is  the  unit  vector  normal 

P 

to  the  paraboloid.  Using  (C-l)  and  (C-2),  the  Incident  electric  field 
at  the  paraboloid  surface,  may  be  written  as 


F-  y 4~  -y-  ~ it) 

u C (Q  T ~ p 


A 


A 


e 


(c— 3 


The  unit  vector,  n , normal  to  the  paraboloid  is 


A 

rf\ 


r 


C<rO  -V  ^ V 

•i  v ■ <* 


<\|  J A 


(C-41) 


Eros  (C-38),  (C-**0),  and  iC-ll), 


Upyf 

r u r " p 


A 


co-0  c 

2 1 


MMAz£Lr^y.\l 


p 


C-*2) 


•Yos  (C-39),  (C-90),  and  (C-i*3 ). 
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r 


i 


Up.  Er=^  *£2U ItzM 


(C-43) 


First,  the  reflected  E and  H fields  at  the  exit  aperture  are 

\ A 

; x E and  n • 
p r p 

* ?r  — v,  - -"v 

P x br 


found.  Consider  the  expressions  for  r)  xE  and  *E  . From  (C-^2), 

p r p r ' " 

A prr-  X/.  AL>  a 

'Up  x fcr.  =^-co-o-X  ^ 


From  (C-43), 


A 

Up*£‘r 


\/  . oil 

\ °i- 


Describing  the  reflected  electric  field  E in  terms  of  normal  and 
tangential  components, 

Er=(r,p.EI4^p+l^pxiErV'np  {c^6) 


Utilising  (C-41), 

-A  A \/ 


(V  E>P 


1 , V V A Vi  • A 


(C—  t) 


and 

A 


* A — ' \ ,x 

A/  W X « ,1 


V,  5 \i'  A 

1 A V'( 
\ «*- 


p vw  Y *»  V AMfV.A  Qj\S  a . p 


y±. 

*f3 


C<jA 


, A 


V 


t'i 


* 

•A 


A * 


<■» 

l 


„A.v#v,. 


r •*. ' 

Therefore,  employing  the  trlgonoaetric  identities 


A £ 


Oi. 


A *U<  \}  ^ , 

•V  .ow.  -L  c<rc  - - rr  ^.yv\,  V 
1 ^ 

c4>  t*w 


(C-**9U 


j 
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and 


~ ->vi 
oL 


(c-50) 


(c-5l) 


To  find  the  reflected  electric  field  at  the  exit  aperture,  ErA, 
the  geometrical  optics  approximation  is  applied.  Since  all  of  the 
reflected  rays  from  the  paraboloid  surface  are  parallel,  the  field 
intensity  remains  constant  in  magnitude  between  the  paraboloid  surface 
and  the  exit  aperture.  The  geometrical  optics  approximation  also 
implies  that  the  reflected  field  at  the  exit  aperture  can  have  no  "a 
component.  Utilizing  the  vector  identities 

A A /\  a 

^ ^ x F ^"V"  (C-52) 

'Y  = CarO'YQrd  p £ (c~53) 

2 , may  be  written  as 

rrA  — — g x — F ^ 


A.  ^ 


\ 


. A 


P •' 


> 


(C-^J 


V and  V’  are  the  functions  V,  and  V,  respectively,  evaluated  at  the 
exit  aperture.  But  in  the  exit  aperture  coordinates  r,Jj!  ,s. 


A A .. 

-*  • _ 

r — QrCs  'p  X -V-  .Ai«v\.  ^ 


(e~55) 
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Therefore, 


E 


v, 


a 


v~a 


p 


VpA, 

"r 


A 


(c-56) 


To  determine  the  reflected  magnetic  fi.ld  ai  the  exit  aperture,  HrA, 
the  condition 


Hr, 


A — 

2xE 


rA 


(c -57) 


is  employed.  (0-57)  simply  states  that  ErA  a--1  comprise  a TEM 
pair  propagating  in  the  -z  direction.  Substituting  (C-56)  into  (C~5?), 


K . may  be  written  as 
rA 


V, 


A 


M v ! A a 

ATA—  ~~  - — 


nf 


Vaa 


A 

r 


(C-543) 


To  complete  the  Cheraousov  (1965)  formulation  in  terms  of  E 


rA 


and  H , over  the  exit  aperture  in  the  coordinates  r,£T.z,  V,.  and  V~  . 
rA  r ■ 1A  2A 

must  be  found.  Using  (C-29)  in  (G— 3V ;» 


^1-  ___ 
' r ' 

Using  (C-29)  in  (C-36), 

- a.^ 

✓du/W  a.  


5D  + r 


(c-59) 


r 


.a 


r 


zrrr 

TL1  -A  -Hp-J 


(C-60) 


Employing  the  geometrical  optics  approximation,  V,  is  the  same  as  V, 

1 A i 

if  the  time  retardation  from  the  focus  to  the  exit  aperture  is  taken 
into  account.  Also,  has  the  same  relationship  to  V^.  The  time 
retardation  from  the  focus  to  the  exit  aperture  is  the  length  of  the 
optical  path  divided  by  v„  the  velocity  of  propagation  in  the  medium. 
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By  inspection  of  Figure  C.l, 

^ JL  4-  £-2, 


optical  path  __ 


V*  or 

Substituting  (C-26)  into  (C-6l), 


'XT 


(C-61) 


► C r\ 

optical  path  0 1.  D 

' 1 ‘ 

__  jr 

i66f/D')a’4-  ! 

v Tf  \r 

AT 

_ | tiif/Di1  J 

Therefore, _ 

^lAV  > f > 


(G-62) 


v,  A n ? , t - 


.af/w*  J 


; vJt, 


l&CS/D)3' 


Vw 


CvS/DV*  J 


(c-63) 


J 


and 


£ 

[}£($/$?+  1 

\r 

L.  U(yD)a 

J 

a 


— V iv  £ -f  _ 5 -~t~J 

— v^r;^x  ^ lc(,yD^  J 


(C-64) 


f/tt  “J 

The  relationship  between T and  r in  terms  of  f is  given  by  (C-32). 

Consider  the  Chernousov  far  field  formulation  of  the  fields 
over  the  exit  aperture  in  terms  of  the  spherical  observation  coordinates 

R,9j. 

'o  E Ta"  ' 


E(R,  jt)=- 


HTTV  Rj/ 


r k« 


X 


A 

oax 


cfi.S 


fr 


-V 


A~ 


MTYir  R, 


R x 


-J- 

‘R°X[AX-^]]]1S  (0-65) 

This  equation  is  of  the  same  form  as  equation  (A-102 ) on  the  last  page 
of  Appendix  A.  The  various  quantities  involved  in  (C-65)  are» 
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ds,  the  differential  surface  element  of  the  exit  aperture, 


ErA,  the  reflected  E field  evaluated  at  the  exit  aperture, 

HrA,  the  reflected  H field  evaluated  at  the  exit  aperture, 

A 

n,  the  unit  vector  outward  from  the  exit  aperture, 

R°s  the  unit  vector  in  the  R direction, 

SA,  the  surface  of  the  exit  aperture, 

v,  the  velocity  of  propagation  in  the  medium,  and 

^ , the  impedance  of  the  medium. 

The  open  surface  of  the  exit  aperture,  S , is  taken  as  an 

A 

approximation  to  the  closed  surface  S required  by  the  Chernousov 

£1 

formulation.  This  is  because  edge  effects  are  not  considered,  and 
because  the  fields  over  the  remainder  of  the  closed  surface  are 
considered  to  be  negligible.  T = t - (h/v),  and  is  given  by  (C-?7). 

o 

Since  neither  ^ , T,^  nor  r,  ^ ,z  are  functions  of  time, 

^Eta  _ j E pa  ( rs  ;T  H-  ^r-)_ 

\ * \ / cT°  \ \ ^ / 

^ Hv+tt) 


From  (C-56), 


a 


\/  A 
Via.  r 


..vAp 


Where 


w'  _ ^Vilr>  £ >T  ' v 
V(A  _ — 


y/v)  -b  i 

l <o<V^ 


R*  rs 


v/ 

VaA  - \ r r„r 


1.1 1 R*rsl 
/D)1  ^ J 


Mt-  ii.KMr±.q  4.  E1q> 
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From  (C-58), 


c)lirA  _ Via.  5 

*U  ^ C 


Ala  £ 


(c-70) 


^Eta  A r/ 

U~  A 


(C-/1) 


Ala  4 A 

**  "A 


(C-72) 


S and  H.  are  easily  found  in  terms  of  the  exit  aperture 

A A 

coordinates  r»^,z  by  the  use  of  (C-29)  in  (C-6?)  and  (C-?0)» 


A p/  — A a p LAa s (c-73 1 

,«  A”  f (!+,#],  so+eA. 


\u'  A — / L-.  ,r'  '3  - A U ./  'J  J A 

gnr a A L)  ' — Via ViA _-p  (c-74) 

"1^] r ‘ ’ 


The  surface  element  ds  at  the  exit  aperture  is 


£is  —r&r 


(075) 


The  unit  vector  in  the  R direction,  ? - is  given  by 


R = — — (c-76 ) 

The  vector  r from  the  origin  to  the  exit  aperture  surface  element  ds  is 
s 

rt=?A+rr  (0-77) 
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(078) 


\ ~~  QrO  ^ X <h  Aj, 


Therefore, 


:Q'Z  -{-rcov  ~fx  +- 


— ° — / \ 


~j_Rx! nx  Ea  J fln*  *71  K’XLR'XI 

must  now  be  determined.  From  iC-67)  and.  (071); 


rr_0  m_0  f~>,  7-r/  — 1 ~i 

Y)\  K X!  R.  X\  nX  Ha  I 1 


e Ea  = - V,;  r - 


, A 


/ \ ' » 

The  unit  vector  n normal  to  the  e^it  aperture  is  -z.  Therefore, 


/ A 


nxpEA  = V,;?  -VaA{ 


Also, 


\ — <■"*&' Q ~£  X . 2Wv  st  ,vy 

1 , A A 

— ••  • XU/W  j.xf  <-00  £ Aj, 


A A , A 

- ,xWi  0 Qjti  0 K ~E  QaQ  0 C<r\i  0 0 0 

A A /v 

: XlWv  0.4AAU  0 R -0£<tO  QJW10  0 0 C<3A0^ 
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(C-8?) 


A A _ A 

15  — C<yO  6 R—Xiv/Y,©  © 

Substituting  (C-83),  (C-84),  (C-85),  (C-86),  and  (C-8?)  into  (G-82), 

— ^X]]  a 

— V|/\  AAA%  0 

A 

4-  V |A  ^ A xvv  0 © 

a 

— ViA  AoX>  |:  ArrQ  © 0 0 

/ A 

+ VIA  ArO  ^ C<r<i 0 0 

/ , A 

+ V^A  ©to  ^ c<rA  & c©xD  0 0 

4-  VaA  (AA  Axw  0 © 

A 

--f-  V^A  .Xm/y,  ? AcXs  0 

— V t a >a  ? C<rA  0 0 (c-88) 

Also, 

0rl  x 00  -----  V,'A  r + V;,a  £ (c-»9' 

Substituting  (C-83),  (C-84),  (C-85),  (c-oo).  and  (0-87)  into  (C-89), 

^[_r ' v[r° x yn x p Ha  j ] j 

/ A 

— — V(a  ^ 0 c ^ a y 0 

A 

-j-  V 1 /\  ©7O  ^ -AU-YV  0 0 

A 

— Via  y r aa  0 xvv  0 © 

— -Via.  a^-  y ^ $ 0 

/ , , a 

V a.  A 0XM.  a r A A 0 c cA  Y->  O 

17} 


— - 0 0 

— \hu\  ^ (ScKi  0aWl0  © 

/ A 

- V2.A  c<3^ 


(C-90) 


(9  = TT-  0 


(C-91) 


This  notation  is  used  for  consistency  with  engineering  practice  since 
(h)  *=>  0 is  the  boresight  direction  for  the  antenna  system  and  (H)  = TT 
is  the  backfire  direction  for  the  antenna  system. 

Using  (C-29),  (C-88),  and  (C-90),  the  Chernousov  expressions 
for  the  electric  far  fields  of  the  paraboloid  reflector/point  source 
feed  system  may  be  written  in  the  spherical  observation  coordinates 
R,@,  0 as 


RE@(R,t) 


AAA 

it  V If 


( I ~f~  CcO  &)  CcrO  0 


o o 

att  o/a. 

I |f _ Via  ctf 


dkJtSL 


o o 


(it  ry%y 


■2-JT  p/3 

+(l+«e)^  U^idA 


o o 
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atr  p/a 


(|+<k*@wJ 

0 0 / ~ 


RE0(r;±) 


a?  „ o/a 


- (h-ceo&lcrtftf  pffffi ffi 

sn  °2  ° 7 

+ ((+C<jO©)^«-0f 

J1  J 

o o 7 

- ([+c^6^0£J 

- ([+^0)^1  I^A^i^J  (MJ) 

• I 

VJA  and  V2A  are  given  by  (C-68)  and  (C-69)  respectively. 
Equations  (C-92)  and  (C— 93)  we  not  restricted  to  the  TEM  horn  feed. 
They  apply  to  any  feed  which  may  be  approximated  by  a transient  (or  cw) 
TEM  spherical-wave  point  source  located  am  the  focus  of  the  paraboloid. 
Using  (C-26)  and  (C-9l)  in  (C-60),  (R°»r  )/v  may  be  written  in 
spherical  observation  coordinates  R,©,0  as 


R l5  = r ( 
v ir  V 


o<rO  ^ ® cq<3  0 -{-yur„  Ai/y\~  ®y\i/vu  0 ^ 


ir_~ 

'IT  - 


CcO  (h) 


(C-94) 
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The  time  arguments  of  VjA  and  V^A  as  given  by  (C-6fcl)  and  (C-69)  may  then 


2A 


be  written  as 


-y + I ~l  I R°-Ji 

V-  \C(S/0^  J r V 

=T-i(l+«0)-i(i-^l5 pp 


Appendix  D 


DESCRIPTION  AND  LISTING  OF  THE  FORTRAN  PROGRAMS 


TO  COMPUTE  THE  ELECTRIC  FAR  FIELDS 


OF  TEM  HORN  ANTENNAS 


D.l  PROGRAM  FOR  GAUSSIAN  EXCITATION 
AT  THE  APEX 


This  section  describes  and  lists  the  Fortran  IV  program  which 
computes  the  electric  far  fields  of  the  TEM  horn  antenna  from  equations 
(B-89)  and  (B-90)  as  given  in  Section  B.5»  The  geometry  for  the  TEM 
horn  is  shown  in  Figure  B.l  on  the  second  page  of  Appendix  B.  The 
program  was  written  for  the  Xerox  XDS  Sigma  6 digital  computer  (with 
80k  words  of  main  memory)  located  at  the  Cook  Physical  Science  Building 
at  the  University  of  Vermont. 

The  program  assumes  unit  gausslan  excitation  at  the  apex  of 
the  TEM  horn.  That  is,  V(t)  is  given  by 


(D-l) 


v(t)  = e \ * 


The  mainline  program  establishes  various  constants  and  quan- 
tities which  are  used  throughout  the  analysis,  Increments  the  discrete 
values  of  time  at  which  the  electric  far  fields  are  computed,  and 
computes  the  numerical  value  of  (B-89)  and  (B-90)  at  the  various 
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discrete  times.  The  mainline  also  calls  several  subroutines  which 
perform  other  functions. 

SUBROUTINE  INPUT  reads  the  input  data  for  the  program.  The 
first  line  of  data  read  is  NODE,  an  integer  set  equal  to  1,  2,  or  3» 
When  MODE  equals  1,  only  the  theta  component  of  the  electric  far 
fields  is  computed.  When  NODE  equals  2,  only  the  phi  component  of 
the  electric  far  fields  is  computed.  When  MODE  equals  3»  both  the 
theta  and  phi  components  are  computed.  MODE  was  incorporated  into 
the  program  to  conserve  execution  time  if  only  the  theta  component 
or  only  the  phi  component  is  desired. 

The  second,  line  of  data  read  are  HEIGHT,  RAINCH,  PHI2D,  and 
WIDTH.  HEIGHT  is  the  parameter  h in  inches.  RAINCH  is  the  parameter 
r&  in  Inches.  PHIZD  is  the  parameter  0q  in  degrees.  WIDTH  is  the 
3-db  width  of  the  gaussian  pulse  exciting  the  TEM  horn  in  seconds. 

The  third  line  of  data  read  are  two  integers,  NDIV  and  NPTS. 
NDIV  establishes  a subdivision  criterion  for  the  numerical  integration 
routine.  For  best  accuracy  in  the  numerical  integration  routine, 

NDIV  should  be  an  even  integer,  at  least  as  large  as  4.  Larger  values 
may  be  used,  depending  upon  limits  for  execution  time.  NPTS  is  an 
integer  determining  the  number  of  discrete  values  of  time  at  which 
the  field  components  will  be  computed  at  each  observation  point  P(9,0). 
The  maximum  value  for  NPTS  is  200.  An  approximate  minimum  value  for 
NPTS  to  properly  characterize  the  electric  far  fields  may  be  found 
from  the  largest  of  nptSj,  nptsg*  and  npts^,  where 
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j ~ 

4 Pq, 

tv 

(D-2) 

_ 

tv 

(D-3) 

Yipfc  3 — 

2A 

tv 

(D-4) 

v is  the  velocity  of  propagation  in  the  medium.  is  related  to  WIDTH 
by  the  relationship 


, Wi  DTH 


(D-5) 


The  fourth  line  of  data  read  is  ZEFF  and  ZZERO.  ZEFF  is  the 
effective  terminating  impedance  of  the  front  aperture  of  the  TEM  horn 
in  ohms,  and  ZZERO  is  the  characteristic  impedance  of  the  TEM  horn  in 
ohms.  If  time  domain  refl^ctometry  were  used  to  measure  ZZERO  and 
the  reflection  coefficient  from  the  front  aperture,  ZEFF  could  be 
calculated  from  the  relationship 


HEFF=^ERO 


/ 


*+■  -fev  \ 


V 


(D-6) 


1 “Jlv 

/ 

The  fifth  and  following  lines  of  data  read  are  the  locations 
of  the  observation  points  at  which  the  electric  far  fields  are  to  be 
computed.  THETAD  is  the  parameter  9 in  degrees.  PHID  is  the  para- 
meter 0 in  degrees.  One  observation  point  THETAD, PHID  is  read  per  line. 
As  many  observation  points  as  desired  may  be  listed,  depending  upon 
the  time  limits  for  execution. 

The  following  is  an  example  Input  fi)  e used  to  execute  the 

program. 
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3 

0.6,7.3,59.0,340.0E-12 

8,80 

283.0,50.0 

90.0,0.0 

90.0. 30.0 

90.0. 60.0 

90.0. 90.0 

90.0. 120.0 

90.0. 150.0 

90.0. 180.0 


For  the  example  shown,  MODE  was  set  equal  to  3 so  that  both 
rEg(r,t)  and  rE^(r,t)  were  computed.  The  horn  dimensions  were  h =■ 

0.6",  r « 7.3,,i  and  $ = 59.0°.  WIDTH  was  3^0.0  picoseconds.  NDIV 

cl  O 

was  set  equal  to  8 and  NPTS  was  set  equal  to  80.  The  effective 
terminating  impedance  of  the  front  aperture  was  283.0  ohms,  and  the 
characteristic  impedance  of  the  TEM  horn  was  50.0  ohms.  The  electric 
far  fields  were  computed  at  seven  different  observation  points  1 
p(e,(0  - (90.0°, 0.0°),  (90.0°, 30.0°),  (90.0°,60.0°),  (90.0°, 90.0°), 
(90.0°, 120.0°),  (90.0°, 150.0°),  and  (90.0°, 180.0°). 

The  program  for  gaussian  excitation  with  the  associated  Fortran 
library  routines  required  approximately  10k  words  of  memory.  The 
execution  for  the  example  input  file  required  89.7  minutes  of  central 
processing  unit  time.  The  execution  time  for  the  program  varies 
directly  as  NPTS  and  directly  as  the  number  of  observation  points 
P(9*$0«  Also,  the  execution  time  varies  approximately  as  NDIV^c 

SUBR01TTINE  TSETUP  computes  the  limits  of  integration  0(o  and 
(3,,  and  establishes  the  numerical  time  window  for  the  field  compu- 
tations, ALPHAZ  is  in  radians.  BETAZ  is  (30  in  radians.  The  low 
end  of  the  time  window,  TMIN,  is  determined  from 
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TMIN  r=  - 3~C 


(0-7) 


The  high  end  of  the  time  window,  TMAX,  is  determined  from 

TMAX  = 3 ^ (d-8) 

The  numerical  time  window  TMAX  - TMIN  was  established  so  that  execution 
time  would  not  be  wasted  computing  many  double  integrals  at  times  for 
which  the  physical  fields  would  be  negligible  with  respect  to  their 
maximum  value. 

SUBROUTINE  SUBDIV  establishes  the  subdivisions  for  the  numerical 
integration  routine.  NFRONT  is  the  number  of  subdivisions  used  to 
divide  the  alpha  Integration  at  the  front  aperture.  NFRONT  Is  deter- 
mined from 


NFRoMT  = NPIV 


(D-9) 


KFRONT  is  the  number  of  subdivisions  used  to  divide  the  beta  integra- 
tion at  the  front  aperture.  MFRONT  is  determined  from 

To. 


MFRONT  = NDIV 


(D-10) 


NSIDE  is  the  number  of  subdivisions  used  to  divide  the  alpha  integra- 
tion at  the  wedge-shaped  side  apertures.  NSIDE  is  determined  from 


NSIDE  = NDIV 


(d-ii ) 


MSIDE  is  the  number  of  subdivisions  used  to  divide  the  r'  integra- 
tion at  the  wedge-shaped  side  apertures.  MSIDE  is  determined  from 
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MS1DE  = NP1V 


(D-12  ) 


To. 

Xv  - 


SUBROUTINE  DBLINT(G,X1,X2,Y1,Y2,N,M)  computes  the  iterated 
double  integral  of  G(X,Y)  from  X1(Y)  to  X2(Y)  and  then  from  Yl  to 
Y2  using  N equal  subdivisions  in  X2(Y)  - X1(Y)  and  M equal  subdivisions 
in  Y.  The  subroutine  uses  the  "iterated”  trapezoidal  rule.  For 
greatest  accuracy,  N and  M should  be  even  integers.  The  trapezoidal 
rule  integration  was  chosen  as  a compromise  between  precision  of 
integration  and  execution  time  required. 

FUNCTION  FRCyr(ALPHA , 3ETTA ) determines  tne  integrand  for  the 
front  aoerture.  In  this  function  subroutine,  the  taper  f(cxt,^3)  was 
assumed  to  be  unity.  This  assumption  would  affect  the  absolute  values 
of  the  electric  far  fields  computed.  It  can  be  shown  that  for  TEM 
horns  with  small  flare  in  the  E-plaro 


^ 


tt-  ae. 


(D-13) 


Therefore,  the  absolute  value  of  the  fields  computed  should  be  multi- 
plied by  (D-13)  for  horns  with  small  • ' olane  flare.  For  TEM  horns 
with  arbitrary  flare  in  the  E and  H planes,  another  form  of  f(oC,fi) 
would  have  to  be  determined,  depending  upon  the  geometry  of  tho  horn 
in  question.  However,  ail  horns  which  were  studied  numerically  did 
have  small  E-plane  flare,  so  that  (D-13)  would  be  the  appropriate 
multiplying  factor  to  find  the  absolute  value  of  the  far  fields. 

FUNCTION  S I DS( ALPHA , R PR IME ) determines  the  integrands  for  the 
wedge-shaped  side  apertures . Again,  in  this  function  subroutine. 
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f (c^,  (iQ ) was  assumed  to  be  unity.  This  assumption  affects  the  abso- 
lute value  of  the  fields  computed.  The  same  comments  as  for  FUNCTION 
FRONT (ALPHA, BETA)  apply. 

FUNCTION  ALPHA1 (BETA),  FUNCTION  ALPHA2(BErA),  FUNCTION 
ALPHA3(BETA),  and  FUNCTION  ALPHA4(BETA)  establish  the  limits  of 
integration  c/Qt  and  TT-oc^  respectively. 

SUBROUTINE  OUTPUT  generates  the  numerical  output  of  the  pro- 
gram. This  subroutine  contains  sufficient  Hollerith  statements  to 
be  self-explanatory.  SUBROUTINE  OUTPUT'  was  programmed  to  be  able  to 
handle  a wide  range  of  horn  dimensions,  pulse  widths,  terminating 
impedance,  ar.d  characteristic  impedance, 

A listing  of  the  Fortran  IV  program  for  gaussian  excitation 
at  the  apex  of  the  TEK  horn  follows  or.  the  next  page. 
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C MAINLINE  FOR  THE  TEM  HORN  TRANSIENT  RESPONSE  CONSIDERING 
C BOTH  THE  FRONT  AND  WEDGE-SHAPED  SIDE  APERTURES 
C USING  NUMERICAL  INTEGRATION  OF 
C GAUSSIAN  EXCITATION  AT  THE  APEX 

DIMENSION  EETHET  (200),  REPHK200  ),  TRET  (20  0 ) 
COMMON/BLCK 1 /SINT 

COMMOM/BLCK2/MFR.OMT , MFRONT , NSI  DE,  MS  I DE 
COMMOM/BLCK3/TTHETZ 

CCMM0N/3LCK4/TPH IME, AT IME,  TAU, P.A,  V,  P 1 
C0MM0M/BLCK5/S ITHET, COTHET,  SIPHI,  COPHI 
C0MM0N/ULCK6/THETAZ, PHIZ, ALPHAZ,BETAZ 
COMMON /DLCK7 / TMAX , TM I N 

COMMON /BLCK8/HEI GHT, RA1NCH,PHI ZD, V I DTK 
COMMON /ELCK9/UD I V,NPTS 
COMMQK/DLCKl  0/TH£TAD,PHID 
COMMON/BLCKI 1/ICOUNT 
COMMON/BLCK i 2/RETHET, REPH I , TRET 
C UMMON / 5LCK 1 3/ 1 NDEXA, I NDEXB 
COMMON/BLCK 14/AMGLE,RADFAC 


1 0 0 G 
10  0 5 


C0MM0M/3LCK 1 S/ZEFF, ZZERO, REEL 
COMMON/BLCK! 6 /MODE 
COMMON/BLCK ! 7 /SBETAZ, CBETAZ 

EXTERNAL  FRONT, S I DE, ALPHA  1 , ALPHAS, ALPHA3, ALPHA4 
I COUNT  = 0 
CALL  INPUT 

IF  (THETAD)  l 5 J , 1 0 0 5,  1 0 0 5 
RA  * P.AI  NCK/39 .3700 
V = 2.99776E+Q6 
PI  = 3 . 1 A I 5 9 

ANGLE  = AS  I N (HEI GHT/RAI NCH ) 

THETA Z = (PI/n.O)  - ANGLE 
RARE AC  = PI /I  80.0 
PHIZ  = RADFAC* PH  I ZD 
THETA  - ! ’ A OF A C ' T ; i E T A D 
PHI  •••  RAD?' AC  * PH  l O' 

AT  I ME  - Ra/V 
F A v • i s A . i ■ \ t.  / *•  A * v!  P I ) 

FACTS  " C J . 0 /V ) / ( A . GeP I > 

CPI. US  = l . 0 ♦ R~Kl. 

CM  INI'S  « I .ft  - REEL 


TAN  « V!r-H/<r..G*SST.T<ALnG<2.9>>> 
TTHETC  = TaN(THETAZ) 

5 ITHET  * SIN(THETA) 

CPTHFT  * C‘1S (THETA'* 

SI  PHI  = S l M < PH i > 

COPHI  - COSCPiU) 

CALL  T SETUP 


SBETAE  = SINCBE’AZ) 
CHETA7.  - COS(BETAZ) 

cau  suwm* 


ROUTINE 


COMPUTE  nXETKE TA(  n,  T-R/V ) AK’i/CR 


NT  I ME  = 0 

DO  1 30  0 NT  I ME  = l,NPTS,  1 
AMTIME  = NT  I ME  - 1 
ANPTS  = HP TS  - 1 

TPRIME  = THIN  + ( < AMT IME/ANPTS ) * ( TMAX  - TM IN)) 

ATHETA  = 0.0 

APHI  = 0.0 

DTHETA  = 0.0 

BPHI  = 0.0 

INDEXA  = 0 

INDEXB  = 0 

1100  go  to  dm,  U02,  non,  mode 

1101  KOUNTA  = 5 
GO  TO  1105 

1102  KOUNTA  = A 

1105  DO  1175  INDEXA  = 1, KOUNTA, 1 

0 CALL  DI3L I NT  (FRONT  , ALPHA  1 , ALPHA2  , 
l-BETAZ,BETAZ,NFRONT,MFRONT> 

GO  TO  (1110,1120,1130,1140,1150),  INDEXA 

1110  ATHETA  = ( CPLU5*5 I PHI *S INT)  ♦ ATHETA 

APHI  = CCPLUS*COTHET*COPHI*SINT)  + APHI 
GO  TO  1175 

1120  ATHETA  = < CPLU5ttCOPH I *S INT)  + ATHETA 

APHI  = -(CPLUS*COTHZT»SIPHI*5INT>  ♦ APHI 
GO  TO  1175 

1130  ATHETA  = ( CM  I NUS*COTHET*COPH I ttS I NT ) ♦ ATHETA 
APHI  = -(CM  I HUE ‘SI  PH  I “SI  NT)  + APHI 
GO  TO  1175 

1 U0  ATHETA  = (CMIMUS*COTHET»SIPKI*SIHT>  ♦ ATHETA 
APHI  = <CKINUS»COPHI*SlNT>  ♦ APHI 
GO  TO  1175 

11 50  ATHETA  = <CMINU3*SITHET*SIKT)  ♦ ATHETA 

1175  CONTINUE 

1200  GO  TO  (1201,1202,1202),  MODE 

120  1 KQUNTQ  = 2 
GO  TO  1205 

120  2 K0UN7B  s A 

120  5 PO  i 2 7 5 INDEX-.  - l,KCI‘NTr>,l 

0CALL  DHL  I NT (Si DE, ALPHA3, ALPHA4 , 

10.0, RA, NS  IDE, MS  I DE) 

GO  TO  < 1 206, 1297, 1207),  MODS 

1206  GO  TO  (1210,1230),  INDEXB 

1207  GO  TO  (1210,  1220,  1230,  1 2 A G ) , INDEX;. 

1210  0UTHETA  - ( 5 I PH  I •C»ETA7.«  5 I NT) 

l-(CQ?Hl»SIiETAZ»SIKT)  * H THETA 
3BPHI  = ( COTHET«CPPH  I • CRETAC  *S  1 NT  ) 
t ♦ <CCTKET*S i PHI *?BETAE*S  UTT)  ♦ SPH I 
GO  TO  1 2“ S 

1220  BPHI  = - <SITKET*SINT>  ♦ SPHi 
GO  TO  1275 

OBTKFTA  " - (SIPJII  •CBETAZ*£  I NT) 
l-(COPHI*SBETAF.»SIflT)  * BTHETA 
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1230 


03PM I = -<COTHET*CPPHI*CBETAZ*SINT) 
1+CC0THET*SIPHI*S3ETAZ*SINT>  + 3PH1 
GO  TC  1275 

1240  DPMI  = <SlTHET*SINT)  + BPH1 
1275  CONTINUE 

PF.THET  ( t:T  I ME  ) = (FACT  1 *ATHFTA ) ♦ (FACT2*UTHETA> 
HEPHI  UJTIME)  = (FACT  1 *AP1!I  ) + (F*ACTG*3PH  I > 

TRET  (NT  1!1E)  = TPP.IME 
1300  CONTINUE 

I COUNT  = I COUNT  + 1 
CALL  OUTPUT 
GO  TO  1000 

1500  END 

C SUBROUTINE  TO  READ  INPUT  DATA 
C FOR  THE  TEM  HORN  TRANSIENT  RESPONSE  PROGRAM 
C DATA  READ  ARE  EXECUTION  MODE  DESIRED, 

C HORN  DIMENSIONS  AND  ANGLES, 

C HALF-WIDTH  OF  THE  EXCITING  VOLTAGE  PULSE, 

C A SUBDIVISION  CRITERION  FOR  THE  NUMERICAL  INTEGRATION 
C NUMBER  OF  COMPUTED  POINTS  AT  EACH  OBSERVATION  POINT, 

C EFFECTIVE  TERMINATING  IMPEDANCE  OF  THE  FRONT  APERTURE 
C CHARACTERISTIC  IMPEDANCE  OF  THE  HORN,  AND 
C LOCATION  OF  THE  OBSERVATION  POINT  P ( THETA, PH  I ) . 
SUBROUTINE  INPUT 

CCUUCR.Vi.'LCKG  /HEIGHT,  RA I NCH,  PH  I ZLV-<*  I DTK 

COMMON/ ULCER  /tU'  IV,  N°TS 

C OMM  ON / B L C K 1 0 /TK  ET AD , P H I D 

COMMON /DUCK l l / I COUNT 

CGMMON/BLCK 1 5/ZEFF , ZZERO, REFL 

CGMMGU/RLCK 1 6 /MODE 

IF  < I COUNT ) 1 50  1 , 1501,  1330 

1 50 1 READ  (105,1505)  MODE 
1505  FORMAT(l) 

READ  (105,1510)  i EIGHT  , RAIN’CH,  PHI  ~D,  WIDTH 
1510  F ORMAT ( 4E  . t ) 

READ  ( I 35, t 5Rj > ND1U,NPT.. 

1520  r ORMAT (Cl) 

R EA D ( I f - , l 5 ? 5 ) ?. £FF , Z ZERO 
1525  F ORMAT < PE.  I ) 

PEEL  « (TEFF  - r.ZF.RO ) / ( ZF.FF  ♦ 

1530  READ  (10S, 15 A0)  THETAS, PHI D 
1 540  FORMAT  <?E« l ) 

RETURN 
El  ID 

C SUBROUTINE  TO  ESTABLISH  THE  TIME  "INOCV 
C AND  COMPUTE  THE  TEM  HORN  ANGLES 

subroutine  7?£tu<- 

COMMON/HLCHA/TPRIME,  AT  I ME,  TAU,  F«A,  V,P  I 
COMMON /Ot CK6 /THETA J, PHIS, ALPHA  Z , BETAS 
Common/ rluk  t /i max,  , min* 

ALPH7  1 a COS  (PH  1 3/2  * f>  ) 

ALPH22  * ( TAN(  THETA?.  ) ) ® *P  * G 
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ALPHZ3  = SORT (1.0  + ALPHZ2 ) 

ALPHAZ  = AC OS ( ALPHZ ! /ALPHZ3) 

13ETAZ1  " 1.0  - (ALPHZ  1 **2.0) 

DETAZ2  « SQRTd.O  + (BETA?.  1 /ALPHZR ) ) 

BETA?.  - ACOS  (ALPHZ  1/BETAZ2) 

TMAX  = ( 2 . 0 * AT  I ME)  + (3.0*TAU) 

TMIH  = -(3.0  *TAU ) 

return 

END 

SUBROUTINE  TO  ESTABLISH  SUBDIVISIONS 
FOR  THE  NUMERICAL  I MTEGRATI  OtJ  ROUTINE 
SUBROUTINE  SUBDIV 

C0MM0N/3LCK2/NFRQUT , MFROfJT , f-JSl  DE,  MS  I DE 
C0MM0N/BLCK4/TPRIME, ATIME, TAU, RA,V,PI 
COMMON/BLCK6/THETAZ, PHIZ, ALPHAZ, BETAZ 
C0MM0N/BLCK9/MDIV, NPTS 

MSTART  = (ATIME/TAU)*(PI  - (2. QttTHETA2> ) 

NSTART  = MSTART  + 1 
NFRCMT  = IIDIV»NSTART 
MSTART  = <ATIME/TAU)*PKIZ 
MSTART  = MSTART  * 1 
MFRONT  = NDIV*MSTART 

J START  = (ATIME/TAU)*(PI  - (2.0  * ALPHAZ ) ) 

J START  = J START  ♦ I 
MS  IDF.  " NDP'^JSTAPT 
K ST  ART  = (ATIHF./TAV) 

KSTART  = K3TART  ♦ I 
MSIDE  = t‘D  I V “KSTaRT 
RETURN 
END 

SUBROUTINE  TO  COMPUTE  THE  ITERATED  DOUBLE  INTEGRAL 
OF  G(X,Y)  FROM  XI (Y)  TO  X2CY)  AND  THEM  FROM  Y1  TO  Y2 
USING  N EQUAL  SUBDIVISIONS  IN  X?(Y>  - XI (Y) 

AND  M EQUAL  SUBDIVISIONS  IN  Y. 

THE  SUBROUTINE  USES  THE  ITERATED  TRAPEZOIDAL  RULE. 
FOR  GREATEST  ACCURACY,  J.  AMD  >.  SHOULD  RE  EVEN. 
SUBROUTINE  DDL  I NT  < G,  X 1 , X ?. , Y J , Y 3 , N , M ) 

COHMCN/RLCK  ! /Si  NT 
EXTERNAL  G,Xl,XS 

EXTERNAL  FRONT,  S I DE - ALPHA I .. ....  (A  , ALPHAS,  ALPHA4 

AM  = ?i 


DELTAY  = (Y£  - VI) /AM 
J = 0 

DO  260  J = I i , 2 
L = J “ I 
fij  a J 
AL  = L 
I ■ 0 

YL  s Y|  ♦ (AL“NF.LTaY) 

YJ  - Y I * ( A J* DELTAY) 

U = XI (YL)  187 


V = XI (YJ> 

DELTXL  = (X2<VL)  - U)/Aii 
DELTXJ  = (X2(YJ)  - V ) / AN 
DO  130  . I = 1 , N ♦ I , 2 
K = I - 1 
A1  * I ' 

AK  - K 

XK1.  = 'I  + (AK*  DELTXL) 

XI L * U ♦ (AI*DELTXL) 

XK.J  » V ♦ (AK* DELTXJ) 

XIJ  = V + ( Al*DELTXJ) 

A = G(XKL,YL> 

B = G(XILjYL) 

C = GCXKJjYJ) 

D = G ( X I J, YJ ) 

IF  (I  - 1)  5,5,30 
5 RL  = (A/2.0)  + B 

RJ  = (C/2.0)  + D 
GO  TO  1 30 

30  IF  (I  - CM  ♦ 1)5  35,65,65 

35  RL  = A ♦ B + RL 

RJ  = C ♦ D ♦ RJ 
GO  TO  130 

65  RL  = A + Cn/3.0)  * RL 
RJ  * C ♦ (D/2.0)  ♦ RJ 

130  continue 

RL  - RL*  DELTXL 
RJ  = RJ* DELTXJ 
IF  (J  - l)  195,  195,220. 

195  P.  = (RL/2.0)  ♦ RJ 

go  rr.  26  0 

320  IF  (J  - CM  ♦ l)>  225,255,255 

225  R * PL  ♦ RJ  ♦ R 
GO  TO  260 

255  P - P.L  ♦ < PJ/2 . 0 ) * n 
260  CONTINUE 

5 I NT  - P*DELTAY 

return 


END 

C DEFINE  THE  INTEGRAND  FOP  THE  FRONT 
c APERTURE,  front ( ALPHA, BETA) . 

FUNCTION  FRONT C ALPHA, BETA) 

COMMON /SLCK4 /TPP.  IKE,  A?IKE,  T AU , PA , V , R i 
CCWMOM/PLCK5/S  ITHET,  CCTHET,  51**111 « COPH1 
COMMON /ULCK 1 3/1 MOEXA, 1 MBEXiJ 
SJALPH  3 SIN (ALPHA) 


COALPH  = COS( ALPHA) 


5 1 GET A * SIN(HETA) 


CCSETA  « COS (SETA) 

C DEFINE  THE  ARGUMENT  OF  V*  FOR  THE  FRONT 
C APERTURE.,  ARC?  = CT*  - (RA/V)  ♦ (RS.RE/V)) 
ARGAF  * S I ALPJi  • CCDETA - 1 I THE?  *COPH I 


o n o 


AROBF  = 5 1 ALPH*S IBETA*S ITHET*S IPHI 

AP.GCF  = COALPH*COTKET 

AP.GDF  = ARGAF  + APGBF  + AP.GCF 

APGF  = TPPIME  - ATIME  + ( AT IME*ARGDF > 

C DEFINE  V'  FOP  THE  FRONT  APERTURE. 

VPRF  = - 2 . 0 * ( ARGF / (TAU**2 . 0 ) ) *EXP ( - < ( ARGF /TAU) **2.0)) 
C DEFINE  THE  ANGULAR  TAPER  OF  THE  EXCITATION 
C FOB  THE  FRONT  APERTURE..  TAPERF  = F (ALPHA/  BETA)  . 


TAPERF  = 1.0 
DEDTF  = TAPERF  *VPRF 

GO  TO  (310.320. 330.340.350).  INDEXA 

310 

FRONT  = 
RETURN 

S I BETA*  SI ALPH* DEDTF 

320 

FRONT  = 
RETURN 

CGBETA*Sl ALPH* DEDTF 

330 

FRONT  = 
RETURN 

C0BF.TA*C0ALPH*SIALPH*DEDTF 

340 

FRONT  = 
RETURN 

SIBETA*COALPH*SIALPH*DEDTF 

350 

FRONT  = 

RETURN 

END 

SI ALPH* SI ALPH* DEDTF 

C DEFINE  THE  INTEGRAND  FOP  THE  WEDGE-SHAPED 
C SIDE  APERTURES.  S I OE ( ALPHA. RPR  I ME) . 

funct  ; or:  s i dec  alpha,  rpr  ine) 

C 0 MM  0 N / U L C K A / T P R I >!  E . AT  I M E . T AU  . P A . V . P I 
COMMON/ ULCK5/F i ?HET. COTHET. SI PH  I . COPH I 


c 0 :■ : M 0 N / A L C K ' > / T H r T A Z . P H I 7, . A L ? H A 7. . B E T A Z 
COMMCN/L'LCK  1 3/INPEXA.  IKDEXB 
COMMON/ ill. CK  l 5/7.EFF . 77 ERG.  PEFL 


COMMON/Bl.CKI  6/NODE 


COMMON /PLCK1  7 f S BETA7  . CUETAE 
„IALPH  = SIN (ALPHA) 

COALPH  = COS (ALPHA) 


WTIMS 
ARC  AS 
A RGBS 


RPP I ME /V 

S I ALPH*CHETa3*5  ! *’>:ST*CP“>K  i 
? i ALPH * SHFTaF  * S I \ HET  * 5 I PH  I 


ARGCS  ■ CCAI.PH^COTHST 
DEFINE  THE  APGUKrKTS  OF  V#  FOP 
THE  WEDGE- SHAPED  f I PE  APERTURES • 

APOV  I A = ( T * - t ?.  W > v ( P0  . RS  I /V  ) > 

A PODS  = A PGA  3 ♦ ARGOS  * A ROCS 
ARGWIA  a TP!* IMS  - WTSME  * <wTISK*A 
C AP-GWliJ  = CT*  * - (3PA/V)  * t«3 .R$l /V) > 

APGUI-i  ■ TPRIMS  * »TIHr.  - (8.3*A?IKE>  ♦ ( VT I ME*AnGES > 
C ARGWSA  * CT#  - ♦ (PO.RS2AO) 

AP.GES  a APS  AS  - A PGP?  ♦ A ROCS 

AHGW2A  * TPPIME  - WTSME  ♦ C VT IKE* ARIES > 

C AAGV20  = <T#  ♦ tn*/V>  - ( 2RA/V ) * CRS.BS2/V)} 

ASGV2B  = TPPIME  * VT1ME  - <2.0*AT£NE)  ♦ ( WTIME*APGES ) 
C DEFINE  THE  VARIOUS  V#S  FOR 
C THE  WEDGE-SHAPED  SIDE  APERTURES . 
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C = -2.0/(TAU»*-2.0  > 

VPRW1A  = C*ARGW 1 A*EXP(- ( (ARGV1 A/TAU) **2.0  ) ) 
VPRWIB  = C*ARGW13*EXP(-( (ARGV1B/TAU)**2.0) > 
VPRW2A  = C*ARGW2A*EXPC-C(ARGW2A/TAU)**2.0>) 
VPRW2B  = C*ARGW2B*EXPC-C(ARGtf2B/TAU)**2.0)) 
C DEFINE  THE  ANGULAR  TAPER  OF  THE  EXCITATION 
C FOR  THE  WEDGE-SHAPED  SIDE  APERTURES, 

C TAPERS  = F (ALPHA, BETAZ ) . 


TAPERS 

= 1.0 

DEDTW1 

= TAPERS* CVPRV1 A + 

( REF L* VPRWIB) ) 

DEDTW2 
GO  TO 

= TAPERS* ( VPRV2A  + 
(500,600,600),  MODE 

(REFL*VPRW2B) ) 

500 

GO  TO 

(510,520),  INDEX3 

510 

SIDE  = 
RETURN 

S I ALPH*DEDTV 1 

520 

SIDE  = 
RETURN 

S I ALPH*DEDTW  2 

600 

GO  TO 

(51 0,6  1 0,520,620  ), 

INDEXB 

6 10 

SIDE  = 
RETURN 

COALPH*DEDTW 1 

620 

SIDE  = 
RETURN 
END 

C0ALPH*DEDTW2 

C DEFINE  THE  LOWER  LIMIT  OF  INTEGRATION  ON  ALPHA 
C FOR  THE  FRONT  APERTURE,  ALPHA  1 ( BETA) . 

FUNCTION  ALPHA  1 ( BETA ) 

COMMON /BLCK3 /TTHETZ 

ALPHA  1 = ATANCTTHETZ/COSCEETA)) 

RETURN 

END 

C DEFINE  THE  UPPER  LIMIT  OF  INTEGRATION  ON  ALPHA 
C FOR  THE  FRONT  APERTURE,  ALPHA2 ( BETA ) . 

FUNCTION  ALPHA2 ( BETA ) 

C0MM0N/BLCX4/TPR IME, AT  I ME, TAU, RA, V, P I 

EXTERNAL  ALPHA  1 

ALPHA2  = PI  - ALPHA] (BETA) 

RETURN 

END 

C DEFINE  THE  LOWER  LIMIT  OF  INTEGRATION  ON  ALPHA 
C FOR  THE  WEDGE-SHAPED  SIDE  APERTURES,  ALPHA3 ( 3ETA) 
FUNCTION  ALPHA 3 ( BETA ) 

C0MM0N/BLCK6/THETAZ,  PHI  Z,  ALPHA?.,  BETAZ 
ALPHA3  = ALPHAZ 
RETURN  . 

END 

C DEFINE  THE  UPPER  LIMIT  OF  INTEGRATION  ON  ALPHA 
C FOR  THE  WEDGE-SHAPED  SIDE  APERTURES,  ALPHAS (BETA) 
FUNCTION  ALPHA4 ( BETA) 

C0MM0N/DLCK4 /TPRI ME, AT I ME, TAU, RA, V, P I 
COMMON/BLCK6/THETAZ, PHI Z, ALPHAZ, BETAZ 
ALPHAS  = PI  - ALPHAZ 
RETURN  190 


END 

C SUBROUTINE  TO  GENERATE  THE  NUMERICAL  OUTPUT 
C OF  THE  TEN  HORN  TRANSIENT  RESPONSE  PROGRAM 
SUBROUTINE  OUTPUT 

DIMENSION  RET1IETC  20  0 ),  REPHIC200),  TRET  ( 20  0 ) 
C0MM0N/BLCK2/NF PONT , MFRONT, NS I DE, MS  I DE 
C0MM0N/ELCK4/TPRIME, AT IHE, TAU, RA ^ V,  P I 
C0MM0N/BLCK6/THETAZ, PHI Z, ALPHAZ, BETAZ 
COMMGN/BLCK7/TMAX, TMIN 

C0MM0N/DLCK8/HE I GHT , RA INCH, PH  I ZD, WI DTH 
C0MM0N/DLCK9/NDIV, NPTS 
COMMON/DLCK 1 0 /THETAD, PH  I D 
COMMOM/BLCK1  1 /I  COUNT 
COMMON/BLCK 1 2/RETHET , REPH I , TRET 
COMMON/BLCK 1 A /ANGLE, RADFAC 
COMMON/BLCK i 5/ZEFF, Z ZERO, REFL 
COMMON/BLCK 1 6 /MODE 
IF  Cl  COUNT  - I)  1501,1501,1900 
1 50 1 WRITE  C 108, 1505) 

1505  FORMATC 'CONSIDER  A TEM  HORN  WITH') 

WRITE  (108,1510)  PHI  ZD 

1510  FOP.MATC 'A  WEDGE  ANGLE  OF  ',F6.1,'  DEGREES,') 

WRITE  (108,1515)  HEIGHT 
1515  FORMATC 'A  HEIGHT  H = ',F6.1,'  INCHES,') 

WRITE  (108,1520)  RAINCH 

1520  FORMATC 'AND  A LENGTH  L = ',F6.1,'  INCHES.') 

WRITE  (108,1525)  ZZERO 

1525  OFORMAT C / 'THE  CHARACTERISTIC  IMPEDANCE  OF  THIS  HORN 
l/'WAS  FOUND  TO  BE  ',F7.!,'  OHMS.') 

WRITE  (108,1530)  ZEFF 

1530  OFORMAT ( 'THE  EFFECTIVE  TERMINATING  IMPEDANCE' 

1/ 'WHICH  WAS  USED  WAS  ',F7.1,'  OHMS.') 

WRITE  (108,1535)  REFL 

1535  OFORMAT ( 'THEREFORE, THE  EFFECTIVE  VOLTAGE  REFLECTION 
l/'COEFFICIENT  COMPUTED  WhC  ',F6.3,'.') 

WRITE  (108,1540) 

1540  OFORMAT (/'THE  CHERNOUSOV  ANALYSIS  OF  THIS  HORN' 
l/'WAS  PERFORMED  USING  GAUSSIAN  EXCITATION') 

PWIDTH  = WIDTH*( 1 . 0E+ l 2) 

WRITE  (108,1545)  PWIDTH 

1 545  FORMATC  'WITH  A HALF-WIDTH  OF  ',F7.1,'  PICOSECONDS. 
WRITE  (108,1550)  MODE 

1550  FORMATC/ 'THE  PROGRAM  WAS  EXECUTED  IN  MODE  ',11,'.' 

GO  TO  (1555,1560,1565),  MODE 
1 555  WRITE  (108,1 556) 

1556  FORMATC 'RXETHETA ( R, T-R/V > ONLY  WAS  COMPUTED') 

GO  TO  1570 

1 560  WRITE  ( 1 08,1561) 

1561  FORMATC 'RXEP1II  (R,T-R/V)  ONLY  ’WAS  COMPUTED') 

GO  TO  1570 

1 56  5 WRITE  (106,1566) 

1 566  OFORMAT ( 'BOTH  RXETHETA ( R,  T-R/V  ) AND' 
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I / 'RXEPH I ( R,  T-R/V  ) WERE  COMPUTED  ' ) 

1570  WRITE  (108,1575)  NPTS 

1575  OFORMATC'AT  ',13,'  EQUALLY  SPACED  VALUES  OF ' 

1 /'RETARDED  TIME  T"  = T-R/V  WHICH  FELL  WITHIN' 

2 / 'THE  NUMERICALLY  ESTABLISHED  TIME  WINDOW.') 

TLOWER  = TMIN*( 1 . OE+09) 

TUPPER  = TMAX»( 1 .0E+09) 

WRITE  (108,1580)  TLOWER, TUPPER 
1580  OFORMATC 'TIME  WINDOW  STARTED  AT  ',F 7.3,'  NANOSECONDS' 

1 / 'AND  ENDED  AT  ',F7.3,  ' NANOSECONDS.') 

WWIDTH  = TUPPER  - TLOWER 
WRITE  (10  8,1585)  WW I DTK 

1585  FORMAT ( 'THE  WINDOW  WIDTH  WAS  ',F7.3,  ' NANOSECONDS • ' ) 
WRITE  (108,1590) 

1590  F ORMAT ( / 'F OR  THE  NUMERICAL  INTEGRATION  ROUTINE,') 
WRITE  ( 1 08,1595)  NFP.ONT,  MFRONT 
1595  OFORMATC 'THE  FRONT  APERTURE  WAS  DIVIDED' 
l/'INTO  ',14,'  SUBDIVISIONS  IN  ALPHA, ' 

2/  'AND  ',14,'  SUBDIVISIONS  IN  BETA.') 

WRITE  ( 1 08,  1 60  0 ) NS  I DE,MS I DE 

1600  OF ORMAT ( ' THE  WEDGE-SHAPED  SIDE  APERTURES  WERE  DIVIDED' 
l/'INTO  ',14,'  SUBDIVISIONS  IN  ALPHA,' 

2/  'AND  ',14,'  SUBDIVISIONS  IN  R".') 

190  0 WRITE  (108,1905)  I COUNT 

1905  FORMAT ( /// '03SERVATI ON  POINT  P(THETA,PHI)  # ',13) 
WRITE  (108,1910)  THETAD, PH I D 
1910  0FORMAT( 'THETA  = ',F6.1,'  DEGREES,  ', 

1 'PH  I = ' , F 6 . 1 , ' DEGREES') 

GO  TO  (1915,1925,1915),  MODE 
1915  WRITE  (108, 1920 ) 

1920  OFORMAT ( / 'A  TABLE  OF  T-R/V, RXETHETA(R, T-R/V ) FOLLOWS.' 
1 / 'T-R/V  IS  IN  NANOSECONDS  AND  RXETHETA  IS  IN  VOLTS.') 
JIVE  = 0 

DO  1930  JIVE  = 1 , NPTS, 1 
TNANO  = (TRET(JIVE) )*( l .OE+09) 

WRITE  (a  03,  1 925)  TNANO, RETHET( JIVE) 

1925  FORMAT (F7 . 3, ' , ',  1 PE  1 0 . 3 ) 

1930  CONTINUE 

1935  GO  TO  (1960,1940,1940),  MODE 
1 940  WRITE  (108, 1945) 

1945  OFORMAT(/'A  TABLE  OF  T-R/V, RXEPHI (R, T-R/V)  FOLLOWS.' 

I /'T-R/V  IS  IN  NANOSECONDS  AND  RXEPHI  IS  IN  VOLTS.') 
JAZZ  = 0 

DO  1955  JAZZ  = 1 , NPTS, 1 
TNANO  = (TRETC JAZZ) )*( 1 .0E+09) 

WRITE  (108,1950)  TNANO, REPHI (JAZZ ) 

1950  FORMAT (F7 . 3, ' , ' , 1 PE 1 0 • 3 ) 

1955  CONTINUE 
1960  RETURN 
END 
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D.2  PROGRAM  FOR  ERROR  FUNCTION  EXCITATION 
AT  THE  APEX 

This  section  describes  and  lists  the  Fortran  IV  program  which 
computes  the  electric  far  fields  of  the  TEM  horn  antenna  from  equations 
(3-89)  and  (B-90)  as  given  in  Section  B.5*  The  geometry  for  the  TEM 
horn  is  shown  in  Figure  B.l  on  the  second  page  of  appendix  B.  The 
program  was  written  for  the  Xerox  XDS  Sigma  6 digital  computer  (with 
80k  words  of  main  memory)  located  at  the  Cook  Fhysical  Science  Building 
at  the  University  of  Vermont. 


The  program  assumes  unit  error  function  excitation  at  the  apex 
of  the  TEM  horn.  That  is,  V(t)  is  given  by 


(D-14) 


This  program  is  the  same  as  the  program  discussed  in  Section 


D.l,  except  for  four  differences* 

First,  the  quantity  WIDTH  read  in  the  second  line  of  data  of 
SUBROUTINE  INPUT  is  the  3~db  width  of  the  derivative  of  V(t)  given  by 
(D-14),  That  is,  WIDTH  is  determined  from 


(D— 15) 


with 


— Wt  DT  M 


(0-16) 
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Secondly,  since  this  program  was  used  mainly  to  determine 
rEg(?,t)  in  the  azimuth  plane  of  the  TEM  horns  studied  experimentally 
by  Susman  and  Lamensdorf  (1970,1971),  the  discrete  values  of  time 
at  which  the  fields  were  computed  were  adaptively  spaced  within  the 
numerical  time  window.  This  was  accomplished  as  follows.  SUBROUTINE 
TSETIJP  establishes  the  values  of  TMIN  and  TMAX,  In  the  mainline  pro- 
gram, another  value  of  time,  TMID,  is  established  depending  upon  the 
value  of  0 at  the  desired  observation  point  P(8,0)  in  the  azimuth 
plane  (0  **  90°).  Half  of  the  discrete  values  of  time  are  placed 
between  TMIN  and  TMID,  and  the  other  half  are  placed  between  TMID  and 
TMAX.  If  0 is  between  0°  and  90°,  TMID  is  given  by 

TMID  =4^(|-C<rO0j+3't  (D-17) 

If  ^ is  between  90°  and  180°,  TMID  Is  given  by 

TMID  (d-i8) 

Finally,  FUNCTION  FRONT (ALPHA, BETA)  and  FUNCTION  SIDE(ALPHA, 
RPRIME)  were  modified  to  account  for  the  unit  error  function  excitation 
of  the  apex  as  given  by  (D-14), 

The  execution  time  and  space  requirement  of  this  program  are 
approximately  the  same  as  the  program  for  gaussian  excitation  discussed 
in  Section  D.l.  For  the  sane  of  completeness,  a complete  listing  of 
the  Fortran  IV  program  for  unit  error  function  exo) tation  at  the  apex 
of  the  TEM  horn  follows  on  the  next  page. 


C MAINLINE  FCH  THE  TEM  HORN  TRANSIENT  RESPONSE  CONSIDERING 
C DOTH  THE  FRONT  AND  WEDGE-SHAPED  SIDE  APERTURES 
C USING  NUMERICAL  INTEGRATION  OF 
C ERROR  FUNCTION  EXCITATION  AT  THE  APEX 
C AND  ADAPTIVE  TIME  INCREMENTS 
C WITHIN  THE  NUMERICAL  TIME  WINDOW 

DIMENSION  RETHET ( 200  ).*  REPHK200  ),  TRET  <20  0 ) 
COMMON/BLCK 1 /SINT 

COMMON/BLCK2/NFRONT,MFRONT,NSIDE,MSIDE 

COMMOK/BLCK3/TTHETZ 

C0MK0N/DLCK4/TPRIM£,ATIME,TAU,RA,V,PI 
COMMON/BLCK5/SITHET,COTHET,SIPHI,COPHI 
COMMON/DLC K6 /THETAZ , PHIZ, ALPKAZ, DETAZ 
COMMON /BLCK7 /TMAX, TM I N 
C0MM0N/BLCK8/HEIGHT,RAINCH, PHI  ZD, WIDTH 
C0KM0N/3LCK9/NDIV, NPTS 

common/blckio/thetad,phid 

COMMON/BLCK1 1 /I  COUNT 
COMMON/BLCK 1 2/RETHET, REPHI  , TRET 
COMMON/BLCK 13/1 NDEXA, IMDEXB 
COMMON/BLCK 1 A/ANGLE, RADFAC 
COMMON/BLCK  I 5/ZEFF  , ZZERO,  P.EFL 
. MMON/BLCK 1 6 /MODE 
COKMCr: /BLCK  17/ 3 3ET A Z , CDETAZ 

EXTERNAL  FRONT,  S I DE,  ALPHA  i , ALPHA?.,  ALPHA3,  ALPHAA 
I COUNT  = 0 
1000  CALL  INPUT 

IF  < THETAD ) 1 500,  1 005,  1 0 05 
1005  RA  = RA INCH/39. 37 00 
V = 2.99776E+08 
PI  = 3 • 1 A 1 59 

ANGLE  = AS  IN (HEIGHT /RAINCH) 

THETaZ  = (PI/2.0)  - ANGLE 

RADFAC  = PI/ l 80.0 

PHIZ  = RADFAC “PHI  ZD 

THETA  = RaDFAC“THETAD 

PHI  = RADFAC “PH  ID 

AT I ME  = RA/V 

FACT!  = ATIME/(A.0*PI ) 

FACT?  = < l . 0 /V ) / < A . 0 *P I ) 

CPU'S  = 1.0*  REEL 

CMINU5  = 1.0  - REEL 

TAU  = VIDTH/<S.O*SOnT(ALOG<2.0 > ) ) 

TTHETZ  = TAN(THF.TaZ) 

SITHET  = SIN (THETA) 

COTHET  ci  COS  (THETA) 

SIPHI  » SIN(PHI) 

COPHl  « COS (PHI ) 

CALL  TSETUP 
SI3ETAZ  = SIN(BETAZ) 

CDETAZ  = COS ( DETAZ ) 

CALL  SU3DIV  195 


:v 

V 

t 


C ROUTINE  TO  COMPUTE  RXETHETA(R/ T-R/V ) AND/OR 
C RXEPHI (R/  T-R/V  > FROM  THE  C HERN OU SOU  EXPRESSION 
NT  I ME  = 0 

DO  1300  NT I ME  = i/NPTSz 1 
IF  (PHID  - 90.0)  1050/1050.1060 
1 050  TMID  = (ATIME*M.O  - CCPHD)  ♦ (3.0*TAU) 

GO  TO  1070 

1 060  TMID  = (AT  I ME*  <1.0  - COPHI))  - (3.Q*TAU> 

1 070  IF  (NT I ME  - (NPT3/2))  1060/  1 080/  1090 
1 080  AMTIME  NT  I ME  - 1 

ANPTS  = (NPTS/2)  - 1 

TPRIME  = TMIN  + ( (AMTIME/ANPTS)* (TMID  - TMIN>> 
GC  TO  1095 

1 090  AMTIME  = NT  I ME  - (NPTS/2) 

' ANPTS  - NPTS/2 

TPRIME  = TMID  + ( ( AMT  I ME/ANPTS ) * (TMAX  - TMID)) 
1095  ATHETA  * 0.0 
APHI  = 0.0 

dtheta  = 0.0 

DPH1  = 0.0 
INDEXA  ~ 0 
INDEX3  = 0 

1100  GO  TC  (1101/1102/1101)/  MODE 

1101  KOUNTA  = 5 
GO  TO  It  05 

1102  KOUNTA  = 4 

1105  DO  1175  INDEXA  ■ 1 / KOUNTA/ 1 

0 CALL  DBL I NT (FRONT , ALPHA  1 z ALPHA2. 

1-SETA2/ BETAS/ NFRONT/MFRONT) 

GO  TO  ( 1 1 10/  1 120/  1130/  IU0/  1150/  INDEXA 
1110  ATHETA  = ( CPLUS*S IPHI * 5 1 N T ) > ATHETA 

APHI  = (CPLUS*COTHET»COPHI*$iNT>  ♦ APHI 
GO  TO  H7S 

1120  ATHETA  = ' ( CPLUS*COPHI*SINT)  ♦ ATHETA 

APHI  = "•  (CPLUS*COTHET*C’nH,T.*5INT)  ♦ APHI 
GO  TO  1175 

1 I 30  ATHETA  = ( CMI NUS*CQTK£T*CCPHI *51  NT ) * ATKEtA 
APHI  = - ( CM  I NU$*S I PH l * SI  NT ) + APHI 
GO  TC  1176 

IU0  ATHETA  « ( CM  I NUS*COTHET* 5 1 PH  I * 5 INT ) ♦ AtHElA 
APHI  * <CKINUS*CC  '*KI*SINT>  * APHI 
GO  TO  1 175 

* 1 50  ATKKTA  = (GNIN«S*SSTHET*SINT)  ♦ ATHETA 

ms  continue 

1 20 0 GO  Tf)  ( 1205. 1202/  1202)/  MODE 

1201  -XOUNT&  * ?. 

GO  TO  1295 

1202  KOL’NTQ  * 4 

1 29 $ m 127  5 INDEX?.  « 1 a KOUNTQ/  1 

0CALL  DI5LIKT(  S 1 3?.z  ALPHAS/ ALPHA4/ 

13.P/RA/?  SIDE/MSI DE) 

GC  TO  < 1206/ 1207/ 1297)/  MODE 
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1206  GO  TO  (1210*  1 230),,  INDEXB 

1207  GO  TO  (1210* 1220* 1230, 1240)*  INDEXB 
1210  OBTHETA  = (SIPHl*CBETAZ*SINT) 

1 - ( COPHI *SEETAZ*SINT)  + ptheta 
OBPHI  = (COTH£T*COPHI*CBETAZ*SINT) 
1+(C0THET*SIPHI*SBETAZ*SINT)  + 3PHI 
GO  TO  1275 

1220  DPMI  = ~ ( S I THET*S I NT  > ♦ BPH1 
GO  TO  1275 

1230  OBTHETA  = - ( S IPH 1*CBETAZ*SINT ) 
l-(COPHI*SBETAZ*SINT)  + btheta 
OBPHI  = - ( COTHET*COPHI *CBETAZ*SINT) 
l+(COTHET*SIPHI*SBETAZ*SINT)  + 3PH1 
GO  TO  1275 

1 240  BPHI  = (S1THET*SINT)  + BPHI 
1275  CONTINUE 

RETHET (NT I ME)  = (FACT  1 *ATHETA)  + ( FACTS* BTHETA ) 
REPHKNTIME)  = (FACT1*APHI)  ♦ (FACT2*S?KI> 

TROT  ( M'l  IME)  = TPRIME 
1300  CONTINUE 

I COUNT  = ICCUNT  ♦ l 
CALL  OUTPUT 
GO  TO  1000 
i 50  0 END 

C SUBROUTINE  TO  READ  INPUT  DATA 
C FOR  THE  TEN  HORN  TRANSIENT  RESPONSE  PROGRAM 
C DATA  READ  ARE  EXECUTION  MODE  DESIRED* 

C HORN  DIMENSIONS  \ND  ANGLES* 

C HALF -WIDTH  OF  THE  EXCITING  VOLTAGE  PULSE* 

C A SUBDIVISION  CRITERION  FOR  THE  NUMERICAL  INTEGRATION 
C NUMBER  OF  COMPUTED  POINTS  AT  EACH  OBSERVATION  POINT* 

C EFFECTIVE  TERMINATING  IMPEDANCE  OF  THE  FRONT  APERTURE 
C CHARACTERISTIC  IMPEDANC  - OF  THE  HORN*  AND 
C LOCATION  OF  THE  OPSEP.VATTON  POINT  P(  THETA*  PH  I ) . 
SUBROUTINE  INPUT 

COMMUN/BLCKH /HEIGHT,  P.A  INCH*  PH  I ZD,  WIDTH 
COMMON /BLCK9  /NDI V*  N^TS 
COMMON /BLCK  1 0 / THE”!  AD*  PH  I D 
COMMON /13LCK  1 1/ICO’Jn. 

COMMON /BLCK  1 3/ Z EFT*  Z ZERO  * REEL 
COMMON /BECK  1 6 /MODE 
IF  ( 1 COUNT  * 1531* 150 i* 1530 
l 50 1 READ  (105*1505)  MODE 
150  5 FORMAT  U) 

READ  (105*1510)  HEIGHT*  RA*  NCH*  P1U  ZD*  VI  DTK 
1510  FORMATUE.l) 

READ  <105*1520)  NDIV*NP?$ 

1520  FORMAT  < 2 1 ) 

READ  (105*1525)  ZEFF*ZZERO 
I SCO  FORMAT (2E.I) 

REFL  « (ZEFF  - ZZERO)/<ZEFF  ♦ ZZERO) 

1530  READ  (10b, 1540)  THETAD, PHI D 

19? 


nnno 


1 540  FORMAT ( 2E • 1 ) 

RETURN 

END 

C SUBROUTINE  TO  ESTABLISH  THE  TIME  WINDOW 
C AND  COMPUTE  THE  TEM  HORN  ANGLES 
SUBROUTINE  TSETUP 

C0MM0N/BLCK4/TPR IME,  AT I ME*  TAU,  RA, V, P I 
COMMON/BLCK6/THETAZ,PHI2,ALPHAZ,  DETAZ 
C0MM0N/BLCK7/TMAX,TMIN 
ALPHZ1  = COSfPHI Z/2 • 0 ) 

ALPHZ2  = (TAN  < TKETAZ ) ) **2 • 0 
ALPH23  = SORT <1.0  + ALPHZ2  > 

ALPHAS  = ACOS< ALPHZ 1/ALPHZ3) 

BETAS l =1.0-  ( ALPHZ 1 **2  * 0 } 

BETAS 2 a SORT (1.0  + C BETAS  1 /ALPHZ2 ) > 

BETA2  = ACOS  < ALPHZ 1 /BETA Z2  > 

TMAX  = <2.0*ATIME)  (3.0*TAU> 

TM IN  = - < 3 • 0#TAU ) 

RETURN 

END 

C SUBROUTINE  TO  ESTABLISH  SUBDIVISIONS 
C FOR  THE  NUMERICAL  INTEGRATION  ROUTINE 
SUBROUTINE  SUBDIV 

COMMON/DLCK2/NFRONT , MFRONT , NS  I DE, MS  I DE 
COMMON /BLCK4 /TPR I ME>  AT  I ME, TAU,  P.A,  V,  P I 
COMMON/BLCK6/THETAS, PH  IS, ALPHAS, BETAZ 
0 COMMON/BLCK9/NDIV,NPTS 

NSTAP.T  = < ATIUE/TAU)*(PI  - <2.0  *THETAZ  ) ) 

NSTART  = N START  + 1 
NFRONT  = NDIV*NSTAF.T 
MSTART  * < AT IME/TAU ) *PH I 2 
MSTART  » MSTART  ♦ 1 
MFRONT  = NDI V*MSTART 

JSTART  = <AT1ME/TAU)*<PI  - (2»0®ALPHAZ) ) 

JSTART  = JSTART  > 1 
NS  IDE  = NDI V® JSTART 
KSTAP.T  = (ATIME/TAU) 

KSTaP.T  9 KSTAP.T  ♦ I 
MS  IDE  = NDIV*KSTART 
RETURN 
END 

C SUBROUTINE  TO  COMPUTE  THE  ITERATED  DOUBLE  INTEGRAL 
C OF  G(X,Y>  FROM  XI <Y)  TO  X2(Y>  AND  THEN  FROM  Y1  TO  Y2 
USING  M EQUAL  SUBDIVISIONS  IN  X2<Y)  - XI <Y) 

AND  M EQUAL  SUBDIVISIONS  IN  Y. 

THE  SUBROUTINE  USES  THE  ITERATED  TRAPEZOIDAL  RULE. 
FOR  GREATEST  ACCURACY,  N AND  M SHOULD  BE  EVEN. 
SUBROUTINE  DOLINT(G,Xl,X2,Yl,Y2,N,M) 

COMMON  '13LCKI  / SINT 
EXTERNAL  G.XI,X2 

EXTERNAL  FRONT, SIDE, ALPHA l , ALPHA2, ALPHA3, ALPHA4 
AN  = N 198 


AM  = M 

DELTAY  = < Y2  - Y1>/AM 
J = 0 

DO  260  J = 1,M+1,2 
L = J - 1 
AJ  = J 
AL  = L 
I = 0 

YL  = Y I ♦ (AL*DELTAY> 

YJ  = Y1  + (AJ*DELTAY> 

1J  = XI  ( YL) 

V = XI (YJ) 

DELTXL  = (X2CYL)  - U)/AM 
DELTXJ  = (X2(YJ)  - V ) /AN 
DO  130  I = l,N+l,2 
K = I - 1 
AI  = I 
AK  = K 

XKL  = U + (AK*DELTXL> 

XIL  = U + < AI #DELTXL) 

XKJ  = V ♦ ( AK*DELTXJ) 

XIJ  » V ♦ (AI*DELTXJ) 

A = G(XKL,YL) 

B = G < XI L,  YL) 

C = G(XKJ,YJ) 

D = G ( X I J j YJ ) 

IF  (I  - 1)  5,5,30 
5 RL  = (A/2.0)  ♦ B 
RJ  = (C/2.0)  ♦ D 
GO  TO  130 

30  IF  ( I - (N  ♦ l >)  35,65,65 

35  RL  a A ♦ B ♦ RL 

RJ  = C ♦ D ♦ RJ 
GO  TO  130 

65  RL  = A ♦ (8/2.0)  ♦ RL 
RJ  « C ♦ (D/2.0)  + RJ 
130  CONTINUE 

RL  = RL* DELTXL 
RJ  * RJ* DELTXJ 
IF  ( J - ! ) 1 95, 195,220 
195  R = (RL/2.0)  * RJ 
GO  TO  260 

220  IF  CJ  - ( M ♦ I))  225,255,255 
225  R « RL  * RJ  + R 
GO  TO  260 

255  R = RL  ♦ (RJ/2.0)  ♦ R 
260  CONTINUE 

SINT  « R • DELTA Y 

RETURN 

END 

C DEFINE  THE  INTEGRAND  FOR  THE  FRONT 
C APERTURE,  FRONT (ALPHA, BETA) . 
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FUNCTION  FRONT (ALPHA* BETA) 

C0MM0N/BLCK4/TPP.IME*  ATIME*  TAU,  RA* V*  PI 
COMMON/BLCK5/SI THET * COTHET * S IPHI * COPHI 
COMMCN/BLCK1 3/INDEXA* INDEXB 
SIALPH  = SIN (ALPHA) 

COALPH  = COS (ALPHA) 

SI  BETA  = SIN (BETA) 

COBETA  = COS ( BETA) 

C DEFINE  THE  ARGUMENT  OF  V'  FOP.  THE  FRONT 
C APERTURE*  ARGF  * (T*  - (RA/V)  + (RO.RS/V)). 

AP.GAF  = SIALPH*C03ETA*SITHET*C0PHI 

ARGBF  = SI ALPH* SI BETA* SI THET* SI PH I 

ARGCF  = COALPH* COTHET 

ARGDF  = ARGAF  + ARGBF  + ARGCF 

ARGF  = TPRIME  - ATIME  (AT  I ME*  ARGDF ) 

C DEFINE  V'  FOR  THE  FRONT  APERTURE. 

VPRF  = ( EXP ( - ( (ARGF /TAU) **2  * 0 ) ) ) / ( 1 . 77  245*TAU) 
C DEFINE  THE  ANGULAR  TAPER  OF  THE  EXCITATION 
C FOR  THE  FRONT  APERTURE*  TAPERF  = F (ALPHA* BETA) . 

tap erf  = i.o 

DEDTF  = TAP ERF* VPRF 

GO  TO  (310*320*330*340*350)*  INDEXA 
310  FRONT  = SIBETA»SIALPH*DEDTF 
RETURN 

320  FRONT  = COBETA* S I ALPH* DEDTF 
RETURN 

330  FRONT  = COBET A* COALPH*  S I ALPH *DEDTF 
RETURN 

340  FRONT  = SlBETA*COALPH*SIALPH*DEDTF 
RETURN 

350  FRONT  = S I ALPH*  S I ALPH* DEDTF 
RETURN 
END 

C DEFINE  THE  INTEGRAND  FOR  THE  WEDGE- SHAPED 
C SIDE  APERTURES*  S I DEC  ALPHA* RPR  I ME) . 

FUNCT I ON  S I DEC  ALPHA*  RPF . ME) 

COMMON /ULCK4 /TPRIME*  AT  I ME*  TAU*  RA* V * P I 
COMMON/ULCK5/S I THET * COTHET , S I PH  I * CORK  I 
C0MM0N/3LCK6  /THETA?.*  PH  I ?*  ALPHA?*  BETA? 
COMKON/BLCKI 3/ INDEXA* INDEX3 
COMMON/13LCK1  5/2EFF*  ??ERO*  REFL 
COMMON/BLCK 16/MODE 
COMMON /BLCK 1 7 /SBETA?*  CBETA? 

Si ALPH  = SIN (ALPHA) 

COALPH  a COS (ALPHA) 

WTIHE  = RPRIME/V 

ARGAS  « SIALPH*CBETA?*SITHET*COPHI 
ARGBS  « SIALPH*SBETA?»SITHET*SIPH1 
ARGCS  » COALPH*COTHET 
C DEFINE  THE  ARGUMENTS  OF  V*  FOR 
C THE  VEDGE- SHAPED  SIDE  APERTURES. 

C ARGVIA  = (?'  - (R'/V)  ♦ (RO.RSl/V)) 
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ARGDS  = AP.GAS  + ARGBS  + ARGCS 

AP.GW1A  = TPRIME  - V/T1ME  + < WTIME«ARC>  DS ) 

C ARGWIB  = (T*  ♦ <P.'/V)  - ( 2RA/V  > ♦ (RO.RSl/V)) 

ARGWIB  * TPRIME  ♦ '/TIME  - (2.Q*ATIME>  ♦ (WTIME*ARGDS> 
C ARGU2A  = (T'  - CRW)  + CR0.F.S2/V)) 

ARGES  = ARGAS  - ARGBS  + ARGCS 

ARGV2A  = TPRIME  - WTIME  + < WT I ME*ARG ES ) 

C ARGW2B  = ( T ' + (P.'/V)  - ( 2RA/V  > ♦ (RQ.RS2/V)) 

ARGW2B  = TPRIME  + V.’TIME  (2.0*ATIM£>  + < WTI  ME*ARG£3 ) 
C DEFINE  THE  VARIOUS  V'S  FOR 
C THE  WEDGE-SHAPED  SIDE  APERTURES. 

DENOM  = 1.77245*TAU 

VPP.y  1 A = ( EXP(  - ( (ARGW1  A/TAU)**2 . 0 ) ) > /DENOM 
VPRW1B  = <EXP<-((ARGW1E/TAU)**2.0))>/DENOM 
VPRW2A  = (£XP(-( (ARGW2A/TAU>**2.0) ) ) /DENOM 
VPP.W2B  = ( £XP(  - ( (ARGW2B/TAU)**2 • 0 ) ) ) /DENOM 
C DEFINE  THE  ANGULAR  TAPER  OF  THE  EXCITATION 
C FOR  THE  WEDGE-SHAPED  SIDE  APERTURES.. 

C TAPERS  = F (ALPHA, BETAZ) . 


TAPERS 

= 1.0 

DEDTV1 

= TAPERS* (VPRU1 A ♦ 

(REFL*VPRW1B)> 

DEDTVJ2 
GO  TO 

= TAPERS* (VPRW2A  + 
(500,600,600),  MODE 

(REFL*VPP.W2B)  ) 

500 

GO  TO 

(510,520),  INDEXB 

510 

SIDE  = 
RETURN 

SIALPH*DEDTV»1 

520 

SIDE  = 
RETURN 

SI ALPH*DEDTU2 

600 

GO  TO 

(510,610,520,620), 

INDEXB 

610 

SIDE  = 
RETURN 

COALPli*DEDTUl 

620 

SIDE  = 
RETURN 
END 

C0ALPH*DEDTW2 

C DEFINE  THE  LOWER  LIMIT  OF  INTEGRATION  ON  ALPHA 
C FOR  THE  FRONT  APERTURE,  ALPHnl (BETA) . 

FUNCTION  ALPHA! (BETA) 

C OMMCN / BL  C K 3 / IT  H ET  Z 

ALPHA l = ATaN(TTKETZ/COSCBETA) ) 

RETURN- 

END 

C DEFINE  THE  UPPER  LIMIT  OF  INTEGRATION  ON  ALPHA 
C FOR  THE  FRONT  APERTURE,  ALPHAS (BETA) . 

FUNCTION  ALPHAS (BETA) 

COMMON /BLCKA /TPRIME, AT  I ME, TAU,RA,V, P l 

EXTERNAL  ALPHA  I 

ALPHAS  = PI  * ALPHAlCOETA) 

RETURN 

END 

C DEFINE  THE  LOWER  LIMIT  OF  INTEGRATION  ON  ALPHA 
C FOR  THE  WEDGE-SHAPED  SIDE  APERTURES,  ALPHA3(BETA) . 
FUNCTION  ALPHA3 ( BETA) 
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C0MM0N/BLCK6 /THETAZ# PH I Z# ALPHAZ#  BETAZ 

ALPHA3  = ALPHAZ 

RETURN 

END 

C DEFINE  THE  UPPER  LIMIT  OF  INTEGRATION  ON  ALPHA 
C FOR  THE  WEDGE-SHAPED  SIDE  APERTURES#  ALPHA4 (BETA) . 
FUNCTION  ALPHAA(BETA) 

CQMMON/BLCK4/TPR IME#  AT I ME#  TAU#  RA#  V#  P I 

COMM ON /BLCK6 /THETAZ#  PHI Z# ALPHAZ#  BETAZ 

ALPHA4  = PI  - ALPHAZ 

RETURN 

END 

C SUBROUTINE  TO  GENERATE  THE  NUMERICAL  OUTPUT 
C OF  THE  TEN  HORN  TRANSIENT  RESPONSE  PROGRAM 
SUBROUTINE  OUTPUT 

DIMENSION  RETHET (200  )#  REPHI (200)#  TRET C 20  0 ) 
C0MM0N/BLCK2/NF  RONT # MFRONT # NS  I DE#MS I DE 
COMMON/BLCK4/TPRIME#  AT 1ME#  TAU#  RA# V#  P I 
C0MM0N/BLCK6/THETAZ#  PH  I Z# ALPHAZ, BETAZ 
COMMON/BLCK7 /TMAX#  TMIN 

C0MM0N/BLCK8/HEIGHT#RAINCH# PHI  ZD# WIDTH 
C0MM0N/BLCK9/NDIV # NPTS 
COMMON/BLCK 1 Q/THETAD#PH1D 
C0MM0N/3LCK1 i/ICOUNT 
COMMON /BLOK  1 2/P.ETHET # RKPHI  # THET 
COMMON/BLCK 1 A/ANGLE#  RADFAC 
COMMON/BLCK 1 5/2EFF # ZZERO#  REFL 
COMMON/BLCK l 6 /MODE 
IF  (ICOUNT  - I)  1501# 1501# 1900 
1501  WRITE  <108,1505) 

1505  FORMAT < 'CONSIDER  A TEM  HORN  WITH') 

WRITE  <108# 1510)  PH  I ZD 

1510  FORMAT < * A WEDGE  ANGLE  OF  '#F6.1#'  DEGREES#  ') 

WRITE  <108,1515)  HEIGHT 
1515  FORMAT ( ' A HEIGHT  H = '#F6.1#'  INCHES#') 

WRITE  <108# 1520)  RAINCH 

1520  FORMAT ('AMD  A LENGTH  L - '#F6.t#'  INCHES.') 

WRITE  <108,1525)  ZZERO 

1525  0FORMAT</ 'THE  CHARACTERISTIC  IMPEDANCE  OF  THIS  HORN ' 
l /'WAS  FOUND  TO  BE  '#F7.1#'  OHMS.') 

WRITE  <108,1530)  ZEFF 

1530  0 FORMAT < 'THE  EFFECTIVE  TERMINATING  IMPEDANCE' 
l /'WHICH  WAS  USED  WAS  '#F7.1,'  OHMS.') 

WRITE  (106,1535)  REFL 

1535  0FORMAT< 'THEREFORE# THE  EFFECTIVE  VOLTAGE  REFLECTION* 

1 /'COEFFICIENT  COMPUTED  WAS  '#F6.3#'.') 

WRITE  <108# 15A0) 

1 5AQ  0 FORMAT < / 'THE  CHERNOUSOV  ANALYSIS  OF  THIS  HORN' 

I /'WAS  PERFORMED  USING  a GAUSSIAN  VOLTAGE  DERIVATIVE') 
PWIDTH  = WIDTH*  (1.0E+I2) 

WRITE  (106*1545)  PWIDTH 

1545  FORMAT! 'WITH  A HALF-WIDTH  OF  '#F7.l#'  PICOSECONDS.') 
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WRITE  <108,1 550 ) MODE 

1550  FORMAT ( / 'THE  PROGRAM  WAS  EXECUTED  IN  MODE  ',11,'.') 
GO  TO  (1555,1560,1565),  MODE 

1555  WRITE  (108,1556) 

1556  FORMAT( 'RX£THETA(R, T-R/V)  ONLY  WAS  COMPUTED') 

GO  TO  1570 

1560  WRITE  (108,1561) 

1561  FORMAT ( 'RXEPHI (R, T-R/V)  ONLY  WAS  COMPUTED') 

GO  TO  1570 

1565  WRITE  (108,1566) 

1566  QFORMAT ( 'DOTH  RXETHETA( R, T- R/V ) AND' 
l/'RXEPHI (R,T-R/V)  WERE  COMPUTED') 

1570  WRITE  (108,1575)  NPTS 

1575  0FOPMAT('AT  ',13,'  DIFFERENT  VALUES  OF' 

1/'RETARD£D  TIME  T"  = T-R/V  WHICH  FELL  WITHIN' 

2/ 'THE  NUMERICALLY  ESTABLISHED  TIME  WINDOW,') 

TLOWER  = TMINM  1 .OE+09) 

TUPPER  = TMAX*< 1 .0E+Q9) 

WRITE  (108,1580)  TLOWER, TUPPER 
1580  QFORMAT< 'TIME  WINDOW  STARTED  AT  ',F 7.3,'  NANOSECONDS' 
1 / 'AND  ENDED  AT  ',F 7.3,'  NANOSECONDS.') 

WWIDTH  = TUPPER.  - TLOWER 
WRITE  (108,1585)  WWIDTH 

1585  FORMAT ( 'THE  WINDOW  WIDTH  WAS  ',F7.3,  ' NANOSECONDS.') 
WRITE  < 1 08, 1 590) 

1590  FORMaTC/'FOR  THE  NUMERICAL  INTEGRATION  ROUTINE,') 
WRITE  (108,1595)  NFRONT , MF PONT 
1595  OFORMAT ( 'THE  FRONT  APERTURE  WAS  DIVIDED' 

1 / ' INTO  ' , 1 A,  ' SUBDIVISIONS  IN  ALPHA,' 

2/ 'AMD  ' , I A,  ' SUBDIVISIONS  IN  BETA.') 

WRITE  (108,  1600  ) NS  IDE, MS  IDE 

1 60 Q OFORMAT ( 'THE  WEDGE-SHAPED  SIDE  APERTURES  WERE  DIVIDED 
l/'INTO  ' , I A , * SUBDIVISIONS  IN  ALPHA,' 

2/  'AND  ' , I A,  ' SUBDIVISIONS  INR",') 

1900  WRITE  (100,1905)  ICOUNT 

1905  FORMAT( ///'OBSERVATION  POINT  P(THETA,PHl)  » ',13) 
WRITE  (106,1910)  THETaD,PH1D 
1910  0FORMAT< 'THETa  = ' ,F6 . 1 , * DEGREES,  ', 

I 'PHI  = ',F6. 1 , ' DEGREES') 

GO  TO  (1915,1935,1915),  MODE 
1915  WRITE  (108,1920) 

1920  ofohmatc/'a  table  of  t-r/v, rxetmetac r, t-r/v > follows. 

l/'T-R/V  IS  IN  NANOSECONDS  AMD  RXETKETA  15  IN  VOLTS.' 
JIVE  * 0 

DO  1930  JIVE  = 1 , NPTS,  1 
TNANO  = (TRET(JIVE)  )•<  l ,DE*-09) 

WRITE  (108,1925)  TNANO, RETHETC JIVE) 

1925  FORMAT (F? .3, ', 1PE10.3) 

1930  CONTINUE 

1935  GO  TO  ( 1960, 19A0, 19A0),  MODE 
1 9 AG  WRITE  (I08,19A5) 

S9AS  OFORMAT ( / 'A  TABLE  OF  T-R/V, RXEPHI <fi, T-R/V)  FOLLOWS.' 
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l/'T-R/V  IS  IN  NANOSECONDS  AMD  RXEPK1  IS  IN  VOLTS 
JAZZ  = 0 

DO  1955  JAZZ  = !,NPTS,1 
TWANO  * (TRET (JAZZ >)*(1»0E+Q9) 

WHITE  ( 1 G 8 # 1 950  > TNANO, REPH1 ( JAZZ) 

1950  FORMAT  (T7 . 3#  1PE10.3) 

1955  CONTINUE 
1960  RETURN 
END 


Appendix  E 


DESCRIPTION  AND  LISTING  OF  THE  FORTRAN  PROGRAMS 
TO  COMPUTE  THE  ELECTRIC  FAR  FIELDS  OF  A 
PARABOLOID  REFLECTOR/POINT  SOURCE  FEED 
ANTENNA  SYSTEM 

E.l  Hi  OGHAM  FOR  AN  ISOTROPIC  FEED 

This  section  describes  and  lists  the  Fortran  IV  program  which 
computes  the  electric  far  fields  of  a paraboloid  reflector  fed  by  an 
isotropic  point  source  feed  located  at  the  focus  of  the  paraboloid. 

The  program  utilizes  equations  (C-92)  and  (c-93)  along  with  equations 
(4-28)  ani  (4-29).  The  normalized  electric  far  fiald  components  of 
the  feed,  r^E^^  and  ruE^  respectively,  are  discussed  in  Section  4.3, 
The  program  was  written  for  the  Xerox  XB3  Sigma  6 digital  computer 
(with  80k  words  of  main  memory)  located  at  tne  Cook  Physical  Science 
Building  at  the  University  of  Vermont. 

The  Isotropic  feed  considered  in  this  section  had  an  r{{S^ 
field  component  given  by  equation  (5-2).  The  r^E^  component  was 
neglected  with  respect  to  the  r.^E^  component. 

The  mainline  program  establishes  various  constants  and  quan- 
tities which  are  used  throughout  the  analysis,  increments  the  discrete 
values  of  tifce  at  which  the  electric  far  fields  are  computed,  and 
computes  the  numerical  value  of  (C-92)  and  (C-93)  at  the  various 
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discrete  times*  The  mainline  also  calls  several  subroutines  which 
perform  other  functions. 

SUBROUTINE  INPUT  reads  the  input  data  for  the  program.  The 
first  line  of  data  read  is  FINCH  and  DINCH.  FINCH  is  the  focal  length 
of  the  paraboloid  in  inches,  and  DINCH  is  the  diameter  of  the  exit  aper- 
ture of  the  paraboloid  in  inches.  The  second  line  of  data  read  is 
FEED,  which  is  an  alphanumeric  string  of  characters  to  describe  the 
point  source  feed  which  is  exciting  the  paraboloid.  FEED  may  be  any 
string  of  alphanumeric  characters  up  to  ?2  6pace3  in  length.  The 
third  line  of  data  read  is  WIDTH,  which  is  the  3-db  width  of  the 
gaussian  pulse  exciting  the  feed  in  seconds.  The  fourth  line  of  data 
read  is  two  integers,  NDIV  and  NPTS.  NDIV  establishes  a subdivision 
criterion  for  the  numerical  integration  routine.  Fgt  best  accuracy 
in  the  numerical  integration  routine,  NDIV  should  be  an  integer  at 
least  as  large  as  2.  Larger  values  may  be  used,  depending  upon  limits 
for  execution  tine.  NFTS  is  an  integer  determining  the  number  of 
discrete  values  of  time  at  which  the  field  components  will  be  computed 
at  each  observation  point  P(©,0)  in  the  far  field  of  the  paraboloid. 

The  maximum  value  of  NPTS  allowed  is  ’00 . An  approximate  minimus 
value  for  NFTS  to  properly  characterise  the  electric  far  fields  may 
be  found  from 

NPTS  = (w) 

where  0 la  the  exit  aperture  diameter, is  the  characteristic  param- 
eter of  tho  gaussian  pulse  exciting  the  feed  as  given  by  equation  (5-3), 
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and  v is  the  velocity  of  propagation  in  the  medium.  is  related  to 
WIDTH  by  the  relationship 


/y WIDTH 

c 2JJU2 


(E-2) 


The  fifth  and  following  lines  of  data  read  are  the  locations  of  the 
observation  points  at  which  the  electric  far  fields  are  to  be  computed. 
THETAD  is  the  parameter  0 in  degrees.  PHID  is  the  parameter  0 in 
degrees.  One  observation  point  THETAD, PHID  is  read  per  line.  As 
many  observation  points  as  desired  may  be  listed,  depending  upon  the 
time  limits  for  execution. 

The  following  is  an  example  input  file  used  to  execute  the 


program. 

20.2,43.0 

AS  ISOTROPIC  GAUSSIAN-DERIVATIVE  PULSS. 

340.0E-12 

2,50 

30.0. C.Q 

20.0. 0.0 
10,0,0.0 
5.Q.0.O 

o.o.o.o 

For  the  example  shown,  the  focal  length  of  the  paraboloid  was 
20.2",  and  the  exit  aperture  diameter  was  43.0".  Therefore,  FaUCH  • 
20,2  and  BINCK  « 43.0.  FEED  was  the  alphanumeric  string  **A!<  ISOTROPIC 
CAiiSSlAN-SSaiVATIVS  PiiLSS.*.  WIDTH  was  340.0  picoseconds.  KDIV  was 
set  equal  to  2,  and  tfSTS  was  set  equal  to  50.  The  electric  far  fields 
were  computed  at  five  different  observation  points i P(@,p)  • (30.0°, 
0.0°),  (20.0°, 0.0°),  (10.0°,0.0°),  C$.0O,0,0°),  and  (0.0°,0.0°). 

The  program  for  an  Isotropic  feed  with  the  associated  Fortran 
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library  routines  required  approximately  9»5k  words  of  memory.  The 
execution  for  the  example  input  file  required  173*1  minutes  cf  central 
processing;  unit  time.  The  execution  time  for  the  program  varies 
directly  aa  NPTS  and  directly  as  the  number  of  observation  points 
P ((8),$).  Also,  the  execution  time  varies  approximately  as  NDIV^. 

SUBROUTINE  TSEJTUP  establishes  the  numerical  time  window  for 
the  field  computations.  The  low  end  of  the  time  window,  TMIN,  is 
determined  from 

+|r(l-^®)|^W -^>vu£)-3r  OM) 

The  high  end  of  the  time  window,  TMAX,  is  determined  from 

TMAX=-£(|+cooe) 

Ccrcl^)'[^5.  4-S”£  (EJ*) 

The  numerical  time  window  TMAX  - TMIN  wa3  established  so  that  execution 
time  would  not  be  wasted  computing  many  double  integrals  at  times  for 
which  the  physical  fields  would  be  n^ligible  with  respect  to  their 
maximum  value. 

SUBROUTINE  SUBDIV  establishes  the  subdivisions  for  the  numerical 
integration  routine.  NR  is  the  number  of  subdivisions  used  to  divide 
the  integration  in  r at  the  exit  aperture.  NR  is  determined  from 
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MXI  is  the  number  of  subdivisions  used  to  divide  the  integration  in  ^ 
at  the  exit  aperture,  MXI  is  determined  from 

MXl  = NDw[^-+]  (e-6 

SUBROUTINE  DBLINT(G,X1,X2,Y1,Y2,N,M)  computes  the  double  inte- 
gral of  G(X,Y ) from  Xi  to  X2  and  then  from  Y1  to  Y2  using  N equal 
subdivisions  in  X and  M equal  subdivisions  in  Y,  The  subroutine  uses 
the  trapezoidal  rule.  The  trapezoidal  rule  integration  wa3  chosen  as 
a compromise  between  precision  of  integration  and  execution  time 
required. 

SUBROUTINE  OUTPUT  generates  the  numerical  output  of  the  pro- 
gram. This  subroutine  contains  sufficient  Hollerith  statements  to 
be  self-explanatory.  SUBROUTINE  OUTPUT  was  programmed  to  be  able  to 
handle  a wide  range  of  focal  length  and  exit  aperture  diameter,  pulse 
widths,  and  alphanumeric  strings  describing  the  feed  exciting  the 
paraboloid, 

FUNCTION  VTKETA(R,Xl)  describes  the  partial  time  derivative 
of  equation  (>2 ) evaluated  at  the  exit  aperture  of  the  paraboloid. 
Sines  the  r^E^  component  of  the  normalized  electric  far  field  of  the 
isotropic  feed  was  neglected  with  r*..?ect  to  the  r^^  component,  no 
corresponding  FUNCTION  VPHl(R,Xl)  was  included  In  the  program. 

A listing  of  the  Fortran  IV  program  for  the  isotropic  feed 
described,  by  equation  (5-2)  exciting  a paraboloid  reflector  follows 
on  the  next  page. 
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C MAINLINE  FOP  THE  TRANSIENT  RESPONSE  OF 

C A PARABOLOID  REF LECTOR /FEED  ANTENNA  SYSTEM 

C IN  TERNS  OF  THE  FIELDS  EXCITING  THE  EXIT  .APERTURE. 

C THE  FEED  IS  CONSIDERED  TO  BE  A POIMT-SCURCE  RADI ATOP 
C LOCATED  AT  THE  FOCUS  OF  THE  PARABOLOID. 

C THE  FIELDS  CF  THE  FEED  EXCITING  THE  EXIT  APERTURE 
C ARE  DESCRIBED  I!1  THE  FUNCTIONS  V THETA  AND  "PHI. 

Cl  MEN  SI  nr:  RITHET(£00>,  REPHK200  ),  TRLT<  2 0 0 > 

COMMOr/RLCKl/SIHT 

coxnnr:/oLCK2/rr.>nxi 

COMMON/BLCK3/F, D,F INCHED  INCH 

CCmOU/PLCK'i/TPRIME,  DTIME,FTIM2,  RATIO,  TAU,V/,PI 
COMMCN/DLCH5/SI THET , COTHET, S 1 PHI  , CCPKI 
COMMON /BLCK6/FEED( 18> 

COMMOM/DLCK7 /TMAX, THIN 
COMMCN/BLCK8/UIDTH 
C0MM0U/BLCK9/NBIV,  NPTS 
COMMON/BLCKi Q/THETAD,PHID 
CCMMON/BLCK1 1 /I  COUNT, INDEX 
COMHCN/BLCKl 2/RETHET, REPHI , TRET 
EXTERNAL  VTHETA,V?KI 
I COUNT  * 0 
1000  CALL  INPUT 

IF  (THETAD)  1500,1005,1005 
1 005  F 3 F I NCH/39 . 37 0 0 
D = DINCH/39. 3730 
V = 2.99776E+08 
PI  = 3.U159 
RADFAC  = PI/ 180.0 
THETA  = RADFAC *THETAD  ' 

PHI  = RADFAC*PKID 
FACT  3 1 .G/(4.(i*PI*V> 

TAU  = UiR?n/C2.Q*SQRTCALOG(2.0n> 

DTI ME  ° D/U 
FT  IMF.  = F/V 

RATIO  = <D«*P.O  )/C  16 . 0*  CF'v,*2.  o > > 

SI THET  = SIN (THETA) 

COTHF.T  = COS  (THETA) 

SI  PH  I SHKPHI  ) 

COPH1  * COS (PH I) 

CARD  « 1 .0  ♦ COTHET 
CALL  T SET UP 
CALL  SUini" 

c ROUTINE  TO  COMPUTE  RXETHETA  ( R,  T- P/'f ) AND 
C RXERHI (R,T-'VV)  FROM  THE  CHEPMOWSOV  EXPRESS  I OK 
NT  ill E = 0 

DO  1 300  NT  I ME  = l, NPTS, I 
AMT  IKE  = NT l ME  - l 
ANPTS  » NPTS  - i 

TRRIME  = TNIN  ♦ ( < AMT IME/ANP^S ) * (THAN  - TMIfl)  ) 
ATHRTA  = 0.0 
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INDEX  = 0 

DC  1175  INDEX  = 1,4,1 
OCALL  DBL INT CVTHETA, O.O, CD/2 • 0 ) , 

1 G . Q # ( 2 . 0 *P I ) # NP , MX I ) 

GO  TO  (1110,1120,1130,1120),  INDEX 
1110  ATHETA  = -CSIPMI*SIMT)  + ATHETA 
APHI  = ( COPHI *S I NT ) + APHI 
GO  TO  1175 

1120  ATHETA  » - ( COPHI *SINT)  + ATHETA 
APHI  = -(SIPHI*SIMT>  + APHI 
GO  TO  1175 

1130  ATHETA  = (£IPHI*SIMT)  + ATHETA 
APHI  = -(CCPHI*SIKT)  + APHI 
1175  CONTINUE 

C INCLUDE  NEXT  STATEMENT  IF  VPHI  = 0 
GO  TC  1280 

DO  1275  INDEX  = 1,4,1 
OCALL  DDL  I tlT  < VPHI , 0 • 0,  < D/2  • 0 ) # 

10.0,  < 2 . 0 * P I ) , f IR  , MX  I ) 

GO  TO  (1210,1220,1210,1240),  INDEX 
1210  ATHETA  = ••  (SIP1U  *S1NT)  + ATHETA 
APHI  = ( COPH I *S I NT ) ♦ APHI 
GO  TO  1275 

1220  ATHETA  - - (COPH 1*51  NT  > ♦ ATHETA 
APHI  = - ( S IPli I *S IMT ) ♦ APHI 
GO  TC  1275 

1240  ATHETA  = (COPHI«SINT>  * ATHETA 
APHI  = (SIPHI*SIMT)  ♦ APHI 
1275  CONTINUE 

1280  RETHET (NT  I ME)  = FACT*CARD«ATK£TA 
P.EPHI  (NTIME)  * FACT»CAPD«APHI 
TPET(NTINE)  = TPHIME 
1300  CONTINUE 

I COUNT  = I COUNT  ♦ 1 
CALL  OUTPUT 
GO  TO  l 000 
1500  END 

C SUBROUTINE  TO  READ  INPUT  DATA 

C FOR  THE  . PAP- AHOLO I D/FEED  TRANSIENT  RESPONSE  PROGRAM* 

C DATA  READ  ARE  THE  FOCAL  LENGTH  AND  DIAMETER, 

C THE  t:  AMS  OF  THE  FEED  EXCITING  THE  PAP  AO  OLD  ID, 

C THE  HALF -AMPLITUDE  I DTH  OF  THE  EXCITING  PULSE, 

C A SUBDIVISION  CRITERION  FOR  THE  NUMERICAL  INTEGRATION, 
C NUMBER  OF  COMPUTED  POINTS  AT  EACH  OBSERVATION  POINT, 

C AND  LOCATION  OF  THE  OBSERVATION  POINT  P< THETA# PHI J . 
SUBROUTINE  INPUT 
COMMCN/BLCK3/F , D, FINCH#  DIL'CH 
COa«  W.VBLCK6  /F  EED  (18) 

COMMON /ELCK8-  /V I DTH 
COMMON  / liLCK  O /N  B l V # NP  T S 
COMMON/BLCKl  0 /T11ETAD,  PHI  D 
COMMON /;)LC  HI  IV I COUNT# INDEX 
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IF  < I COUNT)  150  l,  1501 , 1550 
1501  HEAD  (10  5^  1510)  FINCH, DINCH 
1510  FORMAT  ( PE  . 1 > 

READ  ( 1 05,  1520  ) FEED 
1520  FORMAT ( 1PA4) 

READ  ( 1 0 5,  1530  ) UIDT1I 
15  30  FORMAT t E . 1 ) 

READ  (10  5,  1 5 A 0 ) NDIV,NPTS 
1 5 AO  FORMA* ( R I ) 

1550  READ  (105,1510)  THETAD, PHI D 
P.  STURM 
END 

C SUBROUTINE  TO  ESTABLISH  THE  NUMERICAL  TIME  VIUDCW 
SUDRCUT I ME  TSETUP 

■ C0MM0N/BLCK4 /TPRIME, DTIME, FT IME, RATI 0,TAU,V, PI 
C0MM0N/5LCK5 /S I THET , COTHET, SIPHI , COPHI 
C0MM0M/3LCK7 /TMAX, THIN 
T 1 = FT 1ME* (1*0  + COTHET) 

T2  = FT  I ME* ( 1 • 0 - COTHET )*RAT IO 

T3  = ( DT IME*S I THET ) /2 • 0 

TMIN  = Tl  + T2  - T3  - <3.0*TAU> 

TMAX  = T1  ♦ T2  + T3  ♦ (5.0*TAU) 

RETURN 

END 

C SUBROUTINE  TO  ESTABLISH  SUBDIVISIONS 
C FOR  THE  NUMERICAL  INTEGRATION  ROUTINE 
SUBROUT  I ME  SUDD IV 
C0MMCN/!;ICK2/NE,MXI 

C0MMCM/PLCK4/TPRIME, DTIME, FT  I ME, PATI O, TAU, V, P I 
COMMON /DLCK9/ND IV, NPTS 
NSTART  = DTIME/ (2 . 0*TAU) 

M START  - NSTART  ♦ 1 
NR  = NDIV*t’START 
NSTART  = <PI «DTIME)/TAU 
MSTART  = MSTART  ♦ 1 
MX!  = NDIV*M5TART 
PET’M'.N 
END 

C SUBROUTINE  TC  COMPUTE  THE  DOUBLE  INTEGRAL 
C OF  6<X,Y)  FROM  XI  TO  X2  AND  Yt  TO  Y2 
C USING  tl  EQUAL  SUBDIVISIONS  IN  X 
C AND  N .-.DUAL  SUBDI  ‘ ‘ I S I 0(15  IN  Y « 

C THE  SUBROUTINE  USES  THE  TRAPEZOIDAL  RULE . 

5URROUT I ME  DDL  I NT  (G,  XI  , X2,  Yl  , Y2,  N,  M) 
COMHOti/OLCKI /SINT 
EXTERNAL  G 
EXTERNAL  v THETA, VPK I 
AM  = f! 

AM>  N 

DLLTAX  « <X2  - XI) /AN- 
DELTA Y = CY2  - Yl >/AM 
J « 0 
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DO  260  J = 1 , M+ i , 1 
AJ  ~ J - 1 

Y = Y 1 + <AJ*DELTAY> 

I = 0 

DO  130  I = 1,N+1,1 
AI  = I - 1 

x = xi  + <ai*deltam) 

A = G < X , Y ) 

IF  (I  - 1)  5,5,30 
5 P.X  = A/2.0 

GO  TO  130 

30  IF  <1  - <M+  1 ) ) 35,65,65 

35  RX  = A + P.X 

GO  TO  130 

65  P.X  = (A/2.0)  + RX 

130  CONTINUE 

RX  = P.X  * CELT  AX 
IF  (,J  - 1 ) 195,  195,  220 
195  R = RX/2.0 
GO  TO  260 

220  IF  ( J - 01+1))  225,255,255 
225  R = RX  + P. 

GO  TO  26  G 

25  5 P.  = < P.X/2 . 0 ) ♦ R 

26  0 CONTI  DUE 

Slf.'T  = P*DELTAY 

RETURN 

END 

C SUBROUTINE  TO  GENERATE  THE  NUMERICAL  OUTPUT 
C CF  THE  PAPAUOLO I D/FEED  TRANSIENT  RESPONSE  PROGRAM 
SUBROUTINE  OUTPUT 

DIMENSION  RETHET (200),  REPHIC2Q0),  TRET<200) 

COMMON /3LCK2 /NR, MX  I 
COMMON/RLCK3/F , D,F INCH, DIMCH 

COMMON /BLCK4/TPPIME,  DT I ME,  FT  IME,  PAT  1 0,  TA'J,  V,  P I 
COMMON/PLCK6 /FEED< IB) 

COMM ON /BECK? /TUAX, TMIM 
COMMON/DLCKP /V I DTH 
COMMON /BLCK9 /ND 1 V, MPTS 
COMMON/PLCX 1 0 /THETAD, PH  I D 
COMMON /I3LCK 1 1 /I  COUNT,  INDEX 
COMMON/BLCK  1 2/RETHET , PEPHI  , TRET 
IF  < I COUNT  - 1 ) 1 501,1501, 1900 
1501  '.’RITE  <108,1  505) 

1505  FORMAT ( 'CONSIDER  A PARABOLOID  REFLECTOR ' ) 

WRITE  <108,1510)  FINCH 

1510  FORMAT < A FOCAL  LENGTH  OF  ',F7.l,'  INCHES') 

"RITE  < 1 08, 1515)  DINCK 

1515  FORMAT < 'AND  A DIAMETER  OF  ',F7.l,'  INCHES.') 

WRITE  <108,1 520 ) F/P 

1520  FORMAT < 'THE  F/D  RATIO  IN  THIS  CASE  13  ',F7.3,'  .') 
WRITE  <106,1525)  FEED  ^ 


1525  OFORMAT ( / 'THE  APPROXIMATE  EXIT  APERTURE  FIELDS' 

1 / 'WERE  DETERMINED  FOR  EXCITATION  BY ' 

2 /, 18A4) 

PWIDTH  = W I DTK*  ( 1 • 0 E+ 1 2 5 
WRITE  (108,1530)  PWIDTH 

1530  OFOP.MAT  ( / 'THE  CHEP.NOUSOV  ANALYSIS  FOR  THE' 

1 /'PARARCLC I D/FEED  ANTENNA  SYSTEM  WAS  PERFORMED  FOP.' 
?./'A  PULSE  WITH  HALF-WIDTH  OF  ',F8.1,'  PICOSECONDS.') 
WRITE  (108,1535) 

1 535  OFOP.MAT  ( / 'DOTH  RXETHETA ( R,  T-P/V  ) AND' 
i/'P.XEPHI  (R,T-R/V)  WERE  COMPUTED') 

WRITE  ( 1 08, 1 540 ) NPTS 

1 540  OFORMAT ( 'AT  ',13,'  EQUALLY  SPACED  VALUES  OF' 

1 /'RETARDED  TIME  T"  = (T  - P./V)  WHICH  FELL  WITHIN' 

- 2/ 'THE  NUMERICALLY  ESTABLISHED  TIME  WINDOW.') 

WRITE  (108,  1 550  ) NR, MX  I 

1 550  OFOP.MAT (/ 'FOR  THE  NUMERICAL  INTEGRATION  ROUTINE,' 

1 / 'THE  EXIT  APERTURE  WAS  DIVIDED' 

2/ ' I MTO  ',14,  ' SUBDIVISIONS  IN  R,  ' 

3/ 'AND  ',14, ' SUBDIVISIONS  IN  XI.') 

1900  WRITE  (108,1905)  ICOUNT 

1905  F0RMAT(///'0BSERVATI0N  POINT  P( THETA, PH  I ) # ',13) 
WRITE  (108,1910)  THETAD, PHI D 
1910  0FORMAT( 'THETA  = ',F6.1,'  DEGREES,  ', 

1 'PHI  = ' , F 6 . 1 , ' DEGREES') 

TLOWER  = TM I N*  ( 1 . 0E+  0 9 ) 

TUPPED  = TUAXM 1 .0E+09) 

WW I DTI  I = TUPPER  - TLOWER 
WRITE  (108,1915)  TLOWER, TUPPER, WW I DTH 
1915  OFORMAT ( / 'TIME  WINDOW  STARTED  AT  ',F9.3,'  NANOSECONDS' 
1 / 'AND  ENDED  AT  *,F9.3, ' NANOSECONDS . ' 

2/ 'THE  WINDOW  WIDTH  WAS  ',F9.3,'  NANOSECONDS.') 

WRITE  ( 108,  1920) 

1920  OFOP.MAT  ( / 'A  TABLE  OF  T- P/V, RXETHETA ( P, T-R/V ) FOLLOWS*' 
1 /'T-R/V  IS  IN  NANOSECONDS  AND  RXETHETA  IS  IN  VOLTS.') 
JIVE  = 0 

DO  1930  JIVE  = 1 , NPTS,  1 
TNANC  = (TRET (JIVE) )*( 1 . 0 E+  09  > 

WRITE  (108,1925)  TNANO, RETHET( JIVE) 

1925  FORMAT (F9.3, ', ', IPE1Q.3) 

1930  CONTINUE 

WRITE  (108,1945) 

1945  OFORMAT ( / 'A  TABLE  CF  T-R/V, PXEPH1 (P. T-F/V ) FOLLOWS.' 

1 /'T-R/V  IS  IN  NANOSECONDS  AMD  DXEPUI  IS  IN  VOLTS.') 
JAZZ  - 0 

DO  1955  JAZZ  = I,  NPTS,  l 
TNANO  = (TRET (JAZZ) )•( l . 0E+  09  > 

WRITE  (108,1950)  TNANO, PEPHI (JAZZ ) 

1950  FORMAT (F9 . 3, ', ', 1 PEI  0 • 3) 

1955  CONTINUE 
RETlirtl 
END 
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C DESCRIBE  THE  EXIT  APERTURE  FIELDS 
C DUE  TO  THE  THETA  COMPONENT 
C OF  THE  RADIATION  FROM  THE  FEED/  VI/ 

C AND  DEFINE  THE  CORRESPONDING  APERTURE  INTEGRANDS/  VTHETA. 
FUNCTION  VTHETA(R/XI> 

COMMON/BLCK3/F / D/FINCH/ DINCH 

C0MM0N/BLCK4/TPRIME/ DTIME/FTIME/ RATI  0/ TAU/ V/ P I 
C0MM0N/BLCK5/SI THET/ COTHET/ SIPHI / COPHI 
COUMON/BLCK 1 1 /I  COUNT/ INDEX 
C DEFINE  THE  TIME  ARGUMENT  OF  THE  THETA  COMPONENT. 

SIXI  = SIN(XI) 

COXI  = COSCXI) 

F SO  = F**2.0 

ARGA  = FTIME*(1.0  + COTHET) 

ARGB  = FT  I ME* (1.0  - COTHET ) *RAT I 0 
ARGC  * C0XI*SITHET*C0PHI 
ARGD  = SIXI*SITHET*SIPHI 
ARGE  » (R/V)*(ARGC  + ARGD) 

ARG  = TPRIME  - ARGA  - ARGB  + ARGE 
C DEFINE  THE  FORM  OF  THE  FEED'S  THETA  COMPONENT 
C OVER  THE  EXIT  APERTURE/  VI. 

TAUSQ  = TAU**2.0 
ARGTAU  - (ARG/TAU)**2.0 

VI  = ( 2 . 0 /TAUSQ ) * C ( 2 . 0 * ARGTAU ) - l . 0 ) *EXPC -ARGTAU) 

VI  = V1*(9.74E-12) 

C DEFINE  THE  EXIT  APERTURE  INTEGRANDS 
C CORRESPONDING  TO  THE.  FEED'S  THETA  COMPONENT. 

RSQ  = R«*2.0 
Q = RSQ/C4 .0*FSQ) 

QMINUS  =1.0-0 
OPLUS  = 1 . 0 + Q 

DENOM  = SQRT((FSQ*(QPLUS*»2.0>>  - ( P.SO*COXI  *COXI  ) ) 

GO  TO  ( 197  1 /1972/  1973/197/D/  INDEX 
197 1 VTHETA* (VI *( OMINUS/QPLUS)* SIXI *COXI *R> /DENOM 
RETURN 

197  2 VTHETA* (VI ( OM I NUS/QPLUS ' * COX  I « COX  I *R ) /DENOM 
RETURN 

1973  VTHETA* (VI *SIXI*C0XI*R> /DENOM 
RETURN 

1974  VTHETA* ( V l *S I XI *S I XI *R) /DENOM 
RETURN 

END 
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E.2  PROGRAM  FOR  TAPERED  ILLUMINATION 


This  program  is  identical  to  the  Fortran  IV  program  described 
in  Section  E.l,  except  that  equation  (5-4)  is  utilized  rather  than 
equation  (5*2)  to  describe  the  r^E^  component  of  the  electric  far  field 
of  the  point  source  feed  located  at  the  focus  of  the  paraboloid.  In 
this  section,  as  in  Section  E.l,  the  component  of  the  normalized 

electric  fax  field  of  the  feed  was  neglected  uith  respect  to  the 

rHE9H  co®Ponen'fc* 

In  the  program  for  tapered  illumination  of  the  exit  aperture 
of  the  paraboloid,  FUNCTION  VTHETA(R,Xl)  describes  the  partial  deriv- 
ative of  equation  (5*4)  with  respect  to  time  evaluated  at  the  exit 
aperture  of  the  paraboloid. 

The  execution  time  and  space  requirement  of  this  program  are 
approximately  the  same  as  the  program  discussed  in  Section  E.l.  For 
the  sake  of  completeness,  a listing  of  the  routine  FUNCTION  VTHETA(R, 

XI)  is  given  on  the  following  pages. 


C DESCP.I3E  THE  EXIT  APERTURE  FIELDS 
C DUE  TO  THE  THETA  COMPONENT 
C OF  THE  RADIATION  FROM  THE  FEED,  VI, 

C AND  DEFINE  THE  CORRESPONDING  APERTURE  INTEGRANDS,  VTHETA. 
FUNCTION  VTHETA(R,XI) 

C0MM0K/DLCK3/F, D, FINCH, DINCH 

C0MMQU/0LCK4/TPPIME,  DTIME,  FTIME,  RATI  0,  TA'J,  V,  PI 
C0MM0N/DLCK5/S ITHET , COTHET, S I PH  I , CORK I 
COKMON/HLCKl 1/1C0UNT, INDEX 
C DEFINE  THE  TIME  ARGUMENT  OF  THE  THETA  COMPONENT. 

SIXI  = SIM(XI) 

COXI  = COS(XI) 

FSO  = F**2.0 

ARGA  = FTIME* (1.0  + COTHET) 

ARGB  = FT  I ME*  C 1.0  - COTHET ) *P.AT  1 0 
ARGC  = C0XI*SITHET*C0PH1 
ARGD  = S IX I * S ITH£T*S I PH  I 
ARGE  = ( Pv/V  ) * ( ARGC  + ARGD) 

ARG1  = TPRIME  - ARGA  - ARGB  ♦ ARGE 

AA  = 0.177 

BB  = 0.0615 

CC  = Q .030 

DD  = 0 . 1 t 0 

EE  = 0.417 

ADS  I = nPSCSIXI) 

ADCO  = ADS ( COX  I ) 

APGr  = AA*ABCO 
ARGG  = DB*A3$ I 
ARG  2 = ( R/V  ) * ( ARGF  ♦ ARGG) 

ARG  = ARG  I - ARC*  2 

C DEFINE  THE  FORM  OF  THE  FEED'S  THETA  COMPONENT 
C OVER  THE  EXIT  APERTURE,  VI. 

TAUA  = TAU  + C (CC*P-*ABSl  )/V) 

TAUASO  = TAUA* *2.0 
ARGTAU  a (ARG/TAUA) **R.C  • 

VI  a <2.0/TAUASO)*(C?.0»ARGTaU>  « 1 .0)*EXPC -ARGTAU) 

DEN CM  1 « 1.0  ♦ ( C2.0»DD»n*ABSI )/D) 

DEN0M2  a 1.0  - C <2.  Q«EE*R*ADCO)/D) 

VI  » V I / < DEKOM l * DEN0M2 ) 

VI  * V 1 * ( 9 . 7 «'iE-  1 2 ) 

C DEFINE  THE  EXIT  APERTURE  INTEGRANDS 
C CORRESPONDING  TO  THE  FEED'S  THETA  COMPONENT. 

PSD  = n**3*0 
C = P.SQ/  ( 4 . 0 *FSQ  > 

CM  I MUS  = 1 . 0 - Q 
QPLUS  » 1.0  ♦ Q 

DENOM  a SORT? (F SQ* ( QPLUS**2 . 0 > ) - ( RSQ*COXI *COXI ) ) 

GO  TO  < 197 1, 1970, 1973,  1974),  I HP EX 
1 9? I VTHSTA“ < V 1 * < CM I MIS /QPLUS ) * S 1 XI *COX I *R) /DEN OH 
RETURN 

1 972  VTHETA- < V 1 » ( HKINUS/OPLUS) *COX I *COX I ® K ) /DEMON 
RETURN  217 


197  3 VTHETA= ( V 1 *S I XI *COXi*R J/DENOM 
RETURN 

1974  VTHETA=<V1*S1XI*SIXI#R)/DEN0M 
RETURN 
Et.'D 
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